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IRRADIATED  WOOD-PIASTIC  MATERIALS 
HELD  AT 

CONRAD  HILTON  HOTEL,  CHICAGO,  ILLINOIS 
SEPTEMBER  1$,  196^ 


The  recent  mushrooming  interest  in  wood-plastic  materials  led  to 
the  one-day  information  meeting  represented  hy  the  talks  included  in 
this  compilation.  With  the  concurrence  of  the  Division  of  Isotopes 
Development  of  the  U.  S.  Atomic  Energy  Commission  and  the  Atomic  Indus¬ 
trial  Forum,  the  speakers  were  requested  to  make  copies  of  their  talks 
available  for  publishing;  all  agreed  to  do  so.  These  Proceedings  are 
the  result. 

It  is  to  be  noted  that  there  are  still  incomplete  answers  to  a 
number  of  questions.  Althou^  the  basic  principles  have  been  pretty 
well  worked  out,  several  interesting  yet  perhaps  fundamental  details 
are  lacking  including,  for  example,  the  amount  of  grafting  that  occurs 
during  polymerization,  the  long-range  moisture  resistance  of  the  prod¬ 
ucts,  the  feasibility  of  "casehardening"  thin  surface  layers  by  partial 
Impregnation,  and  better  information  on  market  potential  and  the  eco¬ 
nomic  factors  Involved.  The  economics,  in  particular,  could  be  altered 
somewhat  by  the  recent  drastic  reduction  in  the  price  of  ^^'^Cs ,  which 
is  an  alternative  radiation  source. 

We  trust  that  the  reader  will  find  the  Proceedings  useful.  The 
affiliations  of  the  contributors  are  included  with  each  paper  for  those 
who  wish  additional  information. 


Ralph  E.  Greene 
Philip  S.  Baker 


Editors 
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THE  ATOMIC  ENERGY  COMMISSION'S  PROGRAM  IN 
WOOD-PLASTIC  MATERIALS 
Justin  L.  Bloom* 

ABSTRACT 

Introductory  remarks  for  the  meeting  are  presented,  and 
the  Atomic  Energy  Commission's  wood -plastic  program  is  de¬ 
scribed.  The  four  areas  that  constitute  the  program  are  (l) 
research  on  the  fundamentals  of  the  process  and  properties 
of  the  materials  produced,  (2)  market  surveys  and  commercial 
ization  studies,  (3)  consolidation  of  technical  and  economic 
information  available  and  preparing  conceptual  plant  design, 
and  (U)  cooperative  agreements  with  a  representative  cross 
section  of  wood-products  industries  to  provide  consulting 
services  to  industry  for  specific  products  to  be  converted 
to  wood-plastic  combinations  for  evaluation  piirposes. 

Various  contractors  are  performing  the  work  of  this  program. 
The  mission  of  the  Division  of  Isotopes  Development,  i.e. 
expansion  of  the  use  of  radiation  and  radioisotopes  in  ap¬ 
plications  which  are  in  the  national  interest,  is  also 
briefly  described. 


Up  to  a  few  days  ago,  Mr.  E.  B.  Fowler  planned  to  be  here  to  wel¬ 
come  you  personally  on  behalf  of  the  Atomic  Energy  Commission  and  the  AEG 
Division  which  has  supported  the  development  of  wood-plastic  materials. 
However,  urgent  matters  in  VJashington  required  his  presence  there,  and 
he  asked  me  to  represent  him.  In  Gene's  absence,  there  is  no  danger  in 
embarrassing  him  by  pointing  out  to  you  that  the  rapid  rate  of  growth  of 
the  AEC's  interest  in  and  support  of  the  wood -plastics  work  has  been  due 
to  his  initiative  and  foresight.  He  personally  has  contributed  enor¬ 
mously  to  both  the  planning  of  the  program  and  obtaining  fmds  for  it. 

The  latter  function  is  never  an  easy  job  in  Government,  and  most  of  us 


*Chief,  Radiation  Applications  Branch,  Division  of  Isotopes 
Development,  U.  S.  Atomic  Energy  Commission,  Washington,  D.  C. 


woiiLd  rather  he  spared  any  responsibility  in  this  direction.  However, 
the  interests  of  the  taxpayer  must  he  protected,  both  from  the  point 
of  view  of  those  who  hold  the  purse  strings  and  those  who  ask  for  fimds 
to  carry  out  projects  which  we  believe  to  be  in  the  national  interest. 

In  our  opinion,  the  AEG  program  studying  the  fabrication  of  wood- 
plastic  materials  by  use  of  radiation  falls  within  our  definition  of 
"national  interest,"  and  the  best  evidence  of  this  is  your  attendance 
at  this  meeting.  We  have  watched  this  program  grow  from  a  smll-scale 
laboratory  effort  to  a  mature  development  project,  primarily  because 
it  has  captured  the  imagination  of  the  public  in  genei^al,  and  the  wood 
products  industry  in  particular.  Oxxr  purpose  in  joining  with  the 
Atomic  Industrial  Forum  to  sponsor  this  meeting  is  to  give  you  the  op¬ 
portunity  to  receive  the  latest  information  available  on  the  process, 
without  having  to  search  through  extensive  technical  documentation. 

At  the  same  time,  you  will  be  able  to  meet  and  hear  the  prominent  work¬ 
ers  in  the  field  —  not  only  those  within  the  AEG  contractor  family, 
but  also  those  who  are  involved  on  a  private  venture  basis.  You  will 

also  get  the  considered  opinions  of  several  prominent  representatives 
of  the  wood-products  industry  on  the  potential  of  the  process  in 
commercial  applications . 

By  way  of  background,  the  AEG  wood -plastics  program  has  been 
organized  into  four  areas  which  overlap  to  some  degree.  Supporting  the 
entire  effort  is  the  research  on  the  fundamentals  of  the  process  itself 
and  on  the  properties  of  the  materials  produced.  West  Virginia 
University  and  Research  Triangle  Institute  (in  conjunction  with  North 
Garolina  State  University)  are  our  contractors  in  this  area. 


5 


Next,  we  have  performed  and  are  performing  market  surveys  and  com¬ 
mercialization  studies  to  determine  what  the  economic  potential  of 
the  process  might  he  and  to  assess  the  relative  future  roles  of  the 
AEG  and  industry.  Our  contractors  include  A.  D.  Little,  Inc.,  the 
Southern  Interstate  Nuclear  Board,  Pacific  Northvrest  Laboratories  of 
Battelle  Memorial  Institute,  and  Western  New  York  Nuclear  Research 
Center.  Third,  we  are  consolidating  the  technical  and  economic  in¬ 
formation  available  and  preparing  a  conceptual  plant  design  to  arrive 
at  meaningfvil  xmit-cost  projections  for  the  process.  Vitro  Engineer¬ 
ing  Company  is  performing  this  work.  Last,  we  have  selected  the 
Lockheed -Georgia  Company  to  represent  us  in  entering  into  cooperative 
agreements  with  a  representative  cross-section  of  the  wood -products 
industry  to  enable  the  industry  to  obtain  consulting  services  geared 
to  specific  products  and  to  have  these  products  converted  to  wood- 
plastic  materials  for  evaluation  purposes .  Consideration  is  also 
being  given  by  the  Commission  to  the  desirability  of  a  more  extensive 
program  between  government  and  industry,  but  no  firm  conclusions  can 
be  dra'V'Tn  as  to  the  nature  of  this  relationship  at  this  time.  For  one 
thing,  we  need  the  resilLts  of  the  various  studies  now  in  progress 
before  v:e  can  make  firm  judgments. 

It  is  not  often  that  I  have  the  opportunity  to  speak  to  a  large 
group  such  as  this  one,  and  I  would  like  to  recognize  the  contributions 
of  a  few  people  in  making  this  meeting  necessary  and  possible.  Martin 
Stein,  who  will  be  the  session  chairman  this  afternoon,  is  our  manager 
of  the  process  radiation  programs  in  the  Division  and,  as  such,  has 
been  involved  in  the  wood-plastics  project  from  its  inception.  His 


enthusiasm,  competence,  and  organizational  ability  have  been  instrumen¬ 
tal  in  keeping  the  work  moving  forward  at  a  rapid  rate.  George  Dietz, 
who  was  unable  to  be  here  today  because  he  is  delivering  a  paper  at  the 
American  Chemical  Society  meeting  in  Atlantic  City,  has  performed  in 
equal  fashion  by  handling  facilities  and  radiation  source  requirements 
for  the  process  radiation  program  and  managing  the  several  commerciali¬ 
zation  studies  on  wood-plastics  material  which  we  have  underway. 

I  think  that  many  of  you  realize  that  the  AEC  differs  from  most 
other  Federal  agencies  in  that  it  does  not  conduct  research  with  its 
own  personnel.  Its  work  is  performed  by  contractors;  these  may  be 
universities,  private  industrial  organizations,  or  nonprofit  institu¬ 
tions.  In  the  wood -plastics  program  we  have  been  blessed  with  contrac¬ 
tors,  representing  all  these  groups,  who  have  performed  with  commendable 
proficiency.  I  want  none  of  them  to  relax  in  their  efforts,  but  we 
recognize  that  we  have  been  getting  more  than  our  —  end  your  —  money's 
worth  from  them.  Although tbey  all  deserve  recognition  and  credit,  I 
will  single  out  Dr.  James  Kent  of  V7est  Virginia  University  for  special 
mention,  since  he  is  the  pioneer  worker  in  the  field.  He  has  never 
lapsed  in  his  eagerness  to  develop  wood-plastic  formulations  and  to 
study  the  properties  of  these  materials. 

Since  the  large  majority  of  those  present  are  not  directly  involved 
in  the  atomic  energy  business,  perhaps  it  is  appropriate  that  I  say  a 
few  words  about  the  overall  role  of  the  Division  of  Isotopes  Develop¬ 
ment.  Our  mission  in  life  is  to  expand  the  use  of  radiation  and  of 
radioisotopes  in  applications  which  are  in  the  national  interest  and 
hence  which  cover  the  gamut  of  human  activity  in  this  country.  Aside 
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from  our  basic  function  of  developing  new  isotopes  and  producing  them 
in  quantities  sufficient  to  meet  the  nation's  needs  —  a  function  that 
is  being  assumed  more  and  more  by  industry  as  time  goes  on  —  we  are 
supporting  developmental  activities  which  cover  their  use  as  heat 
sources  in  small  power  supplies  for  space,  terrestrial,  and  underwater 
missions  established  by  other  Government  agencies;  as  large  radiation 
soTxrces  for  the  induction  of  chemical  reactions  and  for  the  preservation 
of  food;  and  as  tools  in  the  hands  of  the  scientist  and  engineer  for 
solving  problems  of  measurement  and  control  in  a  broad  variety  of  in¬ 
dustrial,  environmental,  and  governmental  systems.  At  the  present 
time  we  administer  some  80  contracts  for  these  purposes.  My  own 
responsibilities  cover  the  general  management  of  the  process  radiation, 
food  preservation,  and  isotopes  systems  programs. 

In  conclusion,  let  me  express  the  thanks  of  the  Division  and  of 
the  AEG  to  Ed  Wiggin  of  the  Atomic  Industrial  Forum  for  performing  a 
yeoman's  Job  in  arranging  this  Conference  and  for  his  interest  in  our 
work,  and  to  all  of  you  for  yo\ir  attendance  and  cooperation. 


BASIC  RESEARCH  ON  IRRADIATED  WOOD-PLASTIC  COMBINATIONS 


Jaanes  A.  Kent* 

ABSTRACT 

Basic  steps —evacmt ion,  iii5)r agnation,  and  irradia¬ 
tion—  for  the  preparation  of  samples  of  wood-plastic  combinations 
(WPC)  for  physical  testing  are  briefly  described.  These  tests 
have  shown  WPC  to  have  general  iniprovements  in  toughness, 
bending  and  compression  strength,  hardness,  moisture  resist¬ 
ance,  abrasion  resistance,  shear  strength,  insect  and  rot 
resistance,  workability,  and  other  properties.  In  a  compari¬ 
son  of  methods  to  induce  polymerization  of  monomers  within 
wood,  irradiation  is  shown  to  have  several  advantages  over  heat: 
absence  of  a  catalyst  within  the  monomer,  which  prevents  danger 
of  prematxire  polymerization  and  loss  of  valuable  monomer; 
enhanced  safety  of  operation;  and  better  control  of  the  rate 
of  polymerizatiot^ 


My  remarks  will  be  directed  tovTard  a  basic  description  of  the  radia 
tion  process  for  wood -plastic  combinations.  First,  wood  of  the  desired 
species  is  cut  to  size  and  weighed.  Next,  it  is  placed  in  with  a  cylindri 
cal  chamber  of  5-inch  pipe  about  30  inches  long  (Fig.  l),  which  is  then 
evacuated  to  an  absolute  pressure  of  about  1  or  2  mm  Hg.  The  evacuation 
serves  two  purposes:  (l)  it  removes  air  from  the  pore  spaces  of  the  wood 
to  make  room  for  the  liquid  monomer;  and  (2)  it  eliminates  most  of  the 
oxygen  from  the  wood.  Oxygen  has  a  marked  inhibitory  effect  on  the  sub¬ 
sequent  polymerization  and  requires  the  expenditure  of  excessive  radiation 
While  the  system  is  still  under  a  vacuum,  sufficient  monomer  is  introduced 
into  the  chamber  to  completely  cover  the  wood.  It  might  be  appropriate 
to  mention  that  many  of  the  more  important  monomers  have  the  general 
appearance  and  consistency  of  water.  However  each  one  has  its  own  char¬ 
acteristic  odor  which  is,  in  some  cases,  very  strong  and  disagreeable. 


■^est  Virginia  University,  Morgantown,  West  Virginia. 
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One  monomer  with  which  we  have  worked  extensively  is  methyl  methacrylate; 
its  polymer  is  commonly  known  as  Plexiglas  or  Lucite. 

After  the  introduction  of  the  monomer,  nitrogen  gas  is  admitted  into 
the  chamber  to  atmospheric  or  higher  pressure  and  the  wood  is  allowed  to 
soak  for  a  predetermined  time.  A  large  number  of  combinations  of  evacua¬ 
tion  treatments  and  pressures  may  be  used  to  control  the  amount  of  monomer 
which  enters  the  wood.  a?he  next  step  consists  of  draining  the  unabsorbed 
monomer  from  the  in5)regnation  chamber.  The  wood  is  then  removed  and  weighed 
to  determine  the  amount  of  monomer  it  has  absorbed  and  is  loaded  next  into 
a  suitable  container  and  placed  in  a  field  of  gamma  radiation  of  desired 
intensity.  It  is  during  this  expos\are  to  radiation  that  the  liquid  monomer 
polymerizes  to  a  solid  plastic. 

Firmlly,  the  con^leted  wood-plastic  combination  is  removed  from  the 
irradiation  container,  reweighed,  and  cut  to  final  size  for  the  required 
testing  procedxares. 

A  variety  of  tests  are  performed  on  the  experimental  WPG  (Fig.  2). 
These  include  toughness  (impact  resistance),  bending  strength,  compressive 
strength,  hardness,  water  absorption,  abrasion  resistance,  shear  strength, 
insect  and  rot  resistance,  and  others  that  may  be  required. 

We  have  shown  through  tests  conducted  in  our  own  and  in  other  lab¬ 
oratories  general  improvements  in  all  of  the  properties  just  mentioned. 

For  example,  the  relative  toughness  of  white  pine  containing  poly  (methyl 
methacrylate)  increases  linearly  with  increasing  plastic  content;  the 
toughness  of  white  pine  containing  about  1.6  pounds  of  plastic  per 
poxuid  of  wood  is  about  twice  that  for  unmodified  white  pine 


1(A(>RCT  f\0RRS\OM  C01APRESSV6H 


i 


SheRK  VlBRRtlON 


Fig.  2.  Physical  Property  Tests. 


(Fig.  3) •  Likewise,  the  value  of  abrasion  resistance  of  sugar  maple 
containing  0.6  povind  plastic  per  pound  of  wood  was  four  times  that  of 
sugar  maple  alone.  I!he  proportional  limit  and  crushing  strength  of  WPG 
are  significantly  better  than  the  corresponding  values  for  unmodified 
wood.  For  example,  an  improvement  of  about  50  per  cent  was  realized 
with  sugar  maple  containing  about  0.5  pound  of  plastic  (copolymer  of 
styrene  and  acrylonitrile)  per  po\md  of  wood.  Finally,  the  hardness  of 
sugar  maple,  a  species  which  is  naturally  hard,  was  increased  by  300 
per  cent  by  the  addition  of  0.6  pound  of  poly  (styrene/acrylonitrile) 
per  pound  of  wood  (Fig.  U) . 

I  should  comment  briefly  regarding  the  workability  of  WPG.  They 
can  be  sawed,  tiirned,  drilled,  and  sanded  in  much  the  same  way  as  un¬ 
modified  wood  using  conventional  woodworking  equipment.  There  is,  as 
one  might  expect,  a  decrease  in  nailability.  This  is  occasioned  by 
the  increased  density  which  means  that  the  wood  fibers  have  less  space 
in  which  to  move  to  make  way  for  a  nail.  However,  many  potential  large 
volume  uses  do  not  require  nailing.  Where  nailing  is  required,  the 
use  of  lead  holes  can  overcome  the  problem. 

An  attractive  finish  results  from  sanding  VJPG  with  a  fine  sand¬ 
paper,  followed  by  bixffing  with  cloth.  The  finish  has  a  high  lustre 
and,  when  damaged,  can  be  easily  renewed  by  light  sanding  and  buffing. 

A  wide  spectrum  of  uses  is  possible  based  on  the  properties  of  WPG. 
Their  mar  resistance  and  attractive,  renewable  finish  make  them  well 
suited  for  use  in  furniture,  while  improved  moisture  resistance  and 
inpact  resistance  recommend  them  for  use  in  sporting  goods.  Tests  so 
far  indicate  a  substantial  improvement  in  abrasion  resistance  so  that 


utilization  in  flooring  may  be  practical.  Jigs,  dies,  patterns,  and 
similar  industrial  items  con^rise  still  another  area  of  potential  ap~ 
plication.  The  uses  to  which  will  be  put  will  be  limited  only  by 
the  ingenuity  and  imagination  of  the  industrial  community. 

There  is  one  additional  matter  which  I  should  like  to  discuss. 
Since  the  very  beginning  of  our  work  on  radiation-processed  WPG,  the 
question  has  been  raised  as  to  whether  or  not  these  materials  can  be 
prepared  using  heat  and  catalysts.  The  answer  is  in  the  affirmative. 
Many  individuals  working  in  many  laboratories  have  made  WPG  in  this 
way.  However,  during  the  span  of  several  years,  no  commercial  use  has 
been  made  of  such  processes.  This  is  due  in  large  part  to  the  hazards 
and  materials  handling  problems  which  would  be  encountered  in  a 
production  -unit. 

One  such  problem  involves  the  handling  and  storage  of  monomers 
which  contain  a  catalyst.  One  must  bear  in  mind  that  catalyst  would 
be  dissolved  in  the  monomer  solution  prior  to  the  time  that  the  solu¬ 
tion  was  introduced  into  the  impregnation  vessel.  Thus,  the  monomer  in 
the  tank  in  which  the  addition  of  catalyst  is  performed  (measured  in 
thousands  of  gallons  for  a  commercial  process)  would  be  susceptible  to 
premature  polymerization.  The  same  situation  would  exist  in  the  im¬ 
pregnation  tank  during  the  time  that  the  wood  is  being  in^regnated . 

If  some  event  such  as  a  slight  temperature  rise  occxxrred  to  trigger  the 
polymerization,  it  could  proceed  very  rapidly  with  attendant  rapid 
evolution  of  heat  and  pressure  rise.  Thus,  in  addition  to  the  loss  of 
costly  raw  materials,  real  hazards  to  safety  would  exist. 


One  fiarther  point  involves  control  of  the  polymerization  reaction  in 
wood  and,  hy  the  same  token,  the  rise  in  temperature  and  pressure.  In 
the  catalyzed  process,  heat  must  he  applied  to  caiise  the  reaction  to 
proceed  hut  it  must  also  he  removed  to  prevent  an  excessive  temperature 
rise.  The  difficulty  of  maintaining  control  of  the  reaction  (which  is 
temperature  dependent)  is  obvious. 

The  radiation  process  overcomes  the  prohlans  cited  above.  A 
catalyst  is  not  required  and,  in  fact,  the  monomer  solution  can  he 
stored  and  used  with  a  suitable  inhibitor  so  that  the  danger  of  pre¬ 
mature  and  uncontrolled  polymerization  is  nil.  Controlling  the  rate 
of  polymerization  in  the  wood  is  also  easy.  One  simply  adjusts  the 
radiation  dose  rate.  Also,  dxiring  radiation  polymerization,  the  heat 
of  reaction  can  he  removed  by  using  cooling  water  on  the  irradiation 
containers . 

There  are  many  cases  recorded  where  a  radiation  process  has  been 
"edged  out"  for  various  reasons,  not  all  of  them  valid,  by  so-called 
"conventional"  techniques.  This  will  not  be  the  case  with  WPG,  The 
advantages  of  the  radiation  process  are  much  too  numerous  and  obvious. 
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POLYMERIZATION  AND  POLYMER  PROPERTIES  AS  RELATED  TO 
WOOD-PLASTIC  COMBINATIONS 
Richard  M.  Klein* 

ABSTRACT 


basic  mechanism  of  polymerization  of  a  monomer  is 
briefly  described.  There  are  four  advantages  of  using  radiation 
rather  than  chemical  catalysts  to  induce  this  polymerization 
reaction  in  wood:  (a)  pot  life  of  the  monomer  is  longer; 

(b)  radiation  can  overcome  effects  of  resins  in  the  wood  that 
act  as  inhibitors  for  chemical  catalysts;  (c)  elevated  tem¬ 
peratures  and  long  curing  times  are  not  required  with  irradia¬ 
tion;  and  (d)  no  chemical  catalyst  residue  remains  in  the 
wood.  Three  types  of  polymerization  reactions  are  discussed: 

(a)  graft  polymerization  between  polymer  and  cellulose;  (b)  cross- 
linking  of  polymers;  and  (c)  copolymers  formed  from  two  or  more 
different  monomers  A  The  glass  transition  temperature,  a  useful 
parameter  for  qualitatively  estimating  mechanical  properties  of 
homopolymers  and  copolymers,  together  with  its  application  to 
copolymer  systems,  is  explained. 


INTRODUCTION 

The  purpose  of  this  paper  is  to  discuss  polymers  (or  plastics)  and 
their  properties  as  they  pertain  to  wood-plastic  combinations.  It  is  a 
general  feeling  that  only  the  surface  has  been  scratched  with  respect  to 
the  many  possible  varieties  of  wood-plastic  materials.  Within  the  existing 
technology  of  wood -plastic  combinations  (WPC),  products  having  a  wide  spec¬ 
trum  of  mechanical  characteristics  co\ald  resxilt— as  much  from  varying  the 
composition  of  the  plastics  that  are  formed  within  the  wood  as  from  varying 
the  type  of  wood  itself.  Thus  we  should  consider  the  present  wood-plastic 
materials  only  as  prototypes. 


*Manager  of  Sales  Development,  Special  Products  Department, 
Rohm  &5  Haas  Company,  Philadelphia,  Pennsylvania. 


MDNOMEJRS  MD  POLYMERIZATION 


In  wood -plastic  combinations,  the  monomer  is  the  chemical  that 
impregnates  wood  and  forms  the  basic  building  blocks  of  the  plastic  (poly¬ 
mer)  produced  by  irradiation.  By  far  the  most  useful  monomer  to  date  for 
producing  wood-plastic  alloys  is  methyl  methacrylate  (MMA),  a  member  of 
the  family  of  acrylic  monomers  and  polymers  on  which  this  discussion  is 

based.  The  structure  for  methyl  methaciylate  is  shown  below. 

0 

II 

CH2=C-C-0-CH3 

CH3 

Other  monomers  that  have  been  investigated  for  commercial  possibilities 
in  WPG  include  styrene,  acrylonitrile,  and  vinyl  acetate.  These  all  con¬ 
tain  the  same  type  of  vinyl  unsaturation  as  does  methyl  methacrylate;  but 
due  to  the  combination  of  excellent  response  to  radiation,  relatively  low 
heat  release  on  polymerization,  and  lustrous  physical  appearance,  MMA  holds 
a  distinct  advantage  over  these  other  materials  for  commercial  production 
of  WPG. 

The  basic  process  by  which  a  monomer  is  built  up  into  a  polymer  is 

shown  schematically  below: 

0  0 
II  •  II 

1.  R*  +  GH2=G-G-0-GH3  -4  R-GH2-G-G-O-GH3 

CH^  CH3 

(M)  (RM*) 

2.  RM*  +  nM  P 

The  R*  represents  an  initiator  radical,  M  the  monomer,  and  P  the  polymer. 

In  the  formation  of  wood-plastic  combinations  the  initiator  radical  R* 
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is  produced  by  action  of  the  hi^  energy  radiation  on  the  monomer  itself, 
the  wood  cellulose,  or  the  in^jurities  in  wood. 

In  other  polymerization  systems,  radicals  may  be  formed  when  an 
unstable  chemical  molecule,  such  as  a  peroxide,  decomposes  into  free- 
radical  fragments.  However,  certain  advantages  inherent  with  the  use  of 
radiation  as  the  catalyst  shoiHd  be  considered  in  the  WPC  process. 

First  of  all,  with  no  chemical  catalysts  initially  in  the  monomer, 
the  possibility  of  premature  polymerization  before  impregnation  (short  pot 
life)  is  eliminated.  Second,  wood  contains  resins  which  act  as  polymeriza¬ 
tion  inhibitors.  Chemical  catalysts  in  the  in^jregnated  monomer  can  be 
consumed  by  these  inhibitors  and  the  desired  polymerization  reaction  may 
not  proceed.  With  radiation, the  catalyst  supply  is  continuous,  and  thus 
the  effect  of  the  inhibitors  is  overcome.  Third,  chemically  catalyzed 
systems  frequently  require  elevated  temperatures  for  extended  times  to  c^lre 
completely,  and  this  could  result  in  monomer  loss  through  volatilization 
as  well  as  being  detrimental  to  the  wood.  The  present  OTC  system  is  ini¬ 
tiated  at  room  temperature.  Finally,  radiation  leaves  no  chemical  catalyst 
residues  in  wood  that  might  deteriorate  or  cause  deterioration  on  aging. 
These  comparisons  of  chemical  vs  radiation  curing  are  siiramarized  below: 

RADIATION  VS  CHEMICAL  POLYMERIZATION  IN  WOOD 


Unlimited  pot  life  Reduced  pot  life 

Continuous  —  will  overcome  Affected  by  inhibitors 

inhibitors  in  wood  in  wood 

Begins  at  room  tenperaturej  Requires  high  tenperatures 

no  heating  required  for  extended  times 

No  catalyst  residues  Catalyst  residues  in  wood 


Three  other  types  of  plymerlzatlon  reactions  that  can  take  place 
in  the  WPG  system  should  he  mentioned.  Radiation  will  produce  radicals  on 
wood  and  these  can  react  with  methyl  methacrylate  monomer  to  produce  graft 
copolymers  as  depicted  helow; 

Cell  +  7  -^Cell* 

Cell*  +  M  ->Cell  M* 

Cell  M*  +  nM  -^Cell  P 

The  term  cell  represents  wood  cellTilose.  In  this  reaction  a  chemical  modi¬ 
fication  of  the  wood  structure  actually  occurs  and  may  impart  desirable 
and  unique  properties  to  the  product. 

Second,  radiation  will  initiate  additional  radicals  on  the  methyl 
methacrylate  polymers  which  can  react  with  other  monomers  or  polymers  to 
give  crosslinked  material  as  shown  helow: 

y  +  —=> 

~~~  +  nM 

M 

M  I 

The  resultant  hi^er  molecular  weight  could  impart  added  hardness,  tough¬ 
ness,  and  solvent  resistance  to  the  con5)osition. 

Third,  other  monomers  can  he  introduced  into  the  wood  along  with 
MMA,  which  will  react  to  form  copolymers  with  a  variety  of  properties.  This 
leads  to  the  next  section  on  properties  of  polymers. 

POLYMER  PROPERTIES 

When  polymerized  alone  in  hulk,  methyl  methacrylate  becomes  a  hard, 
clear  plastic  material  known  commercially  by  the  Rohm  &  Haas  trademark 
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as  Plexiglas.  A  useful  parameter  for  qualitatively  estimating  several 
mechanical  properties  of  homopolymers  and  copolymers  is  the  glass  transi¬ 
tion  teiii)erature  (Tg).  This  is  the  temperatiire  at  which  the  polymer  changes 
from  a  hard,  glassy  material  to  a  soft,  rubbery  material.  In  general,  the 
hi^er  the  T  of  a  polymer,  the  greater  the  hardness,  modulus  of  torsion, 
and  tensile  strength,  and  the  lower  the  elasticity  and  elongation.  Abra¬ 
sion  resistance  is  also  related  to  the  T^.  A  table  of  To-  values  for  common 

g  e> 

homopolymers  is  shown  below: 


Polymer 

Tg. 

Methyl  methacrylate 

105 

Styrene 

100 

Acrylonitrile 

96 

Vinyl  acetate 

30 

Butyl  methacrylate 

20 

Ethyl  acrylate 

-22 

Butyl  acrylate 

-54 

Of  particular  utility  is  the  relationship  between  the  Tg  of  copolymers  (Tco) 

and  the  T_  of  the  constituent  monomers  and  the  monomer  weight  fractions, 

s 

This  relationship  is  eap)ressed  by  the  formula 


n 


n 


where  W  is  the  weight  fraction  of  the  individual  monomer  and  T  is  the  Tg 
in  Oj^.  A  useful  Glass  Temperature  Analyzer  Card  for  calculating  Tg  of 
common  copolymer  systems  is  available  (l). 
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Copoljonerization  of  different  comonomers,  or  of  the  same  comonomers 
in  varying  proportion,  produces  copolymers  with  different  T  and  hence 

s 

different  mechanical  properties.  The  changes  in  mechanical  properties  of 
some  acrylic  polymer  films  of  different  T_  are  shown  below: 

s 


„  °c 

Hardness, 
Shore  Ag 

Modul\is  of  Torsion 
20°  C  ,  kg/cm^ 

Tensile  Strength, 
psi 

Elongation 

“32 

15 

0.1 

260 

960 

-1 

32 

4.3 

620 

1120 

IT 

62 

65 

2.250 

600 

33 

94 

5000 

3200 

280 

85 

8500 

Considering  these  data,  it  can  be  inferred  that  the  mechanical 

properties  of  wood-plastic  combinations  will  be  related  to  the  T  and  the 

S 

other  properties  of  the  impregnating  polymer.  In  addition,  greater  moisture 
resistance  might  be  built  into  the  WPG  by  use  of  hydrophobic  monomers  such 
as  stearyl  methacrylate  or  vinylidene  chloride.  A  whole  new  area  of  appli¬ 
cation  could  open  up  in  outdoor  uses,  and  here  the  acrylics  show  excellent 
long-term  durability  on  exposure. 

This  is  why  it  was  said  earlier  that  the  stirface  has  only  been 
scratched  as  far  as  properties  and  performance  of  wood-plastic  combinations 
are  concerned.  It  is  likely  that  specific  properties  can  be  engineered 
into  the  system  to  suit  various  end-use  requirements.  Combinations  of 
methyl  methacrylate  with  monomers  such  as  butyl  and  stearyl  methacrylate 
or  methyl  and  butyl  acrylate  should  modify  the  overall  abrasion  resistance, 
hardness,  impact  strength,  nailability,  toughness,  weathering  resistance. 
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Thus  careful  consideration  and  evaluation  of  today- 
wood  -plastic  materials,  even  for  applications  where  their 
perties  may  not  he  completely  satisfactory,  is  -warranted. 
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A  TESTING  PROGRAM  TO  INVESTIGATE  CERTAIN  PHYSICAL  AND 


MECHANICAL  PROPERTIES  OF  SELECTED  WOOD-PLASTIC  COMBINATIONS 

RoLert  C.  Gilmore* 

ABSTRACT 

((^testing  program  to  evaluate  physical  and  mechanical 
properties  of  wood-plastic  combinations  will  he  conducted 
under  AEC  sponsorship  through  the  combined  efforts  of  North 
Carolina  State  University,  The  Research  Triangle  Institute, 
and  the  West  Virginia  University  Engineering  Experiment 
Station.  The  objective  of  the  program  is  to  assess  the 
changes  in  certain  physical  and  mechanical  properties  of  WPC 
as  functions  of  monomer  and  monomer  loading^!  Foiur  monomers 
at  four  nominal  loadings,  0^,  33^>  66^,  and  100^,  will  be 
used.  InUhe  program  will  include  static  bending,  hardness, 
toughness,  abrasion,  rate  of  dimensional  change  relative  to 
htimidity,  compression,  tension,  and  vibration  tests^ij^ 


North  Carolina  State  University,  The  Research  Triangle  Institute, 
and  the  West  Virginia  University  Engineering  Experiment  Station  have 
combined  talents  to  Investigate  certain  physical  and  mechanical  proper¬ 
ties  of  selected  wood-plastic  combinations.  This  project  is  being  sup¬ 
ported  by  the  Division  of  Isotopes  Development  of  the  AEC.  The  Research 
Triangle  Institute  has  the  responsibility  of  liaison  among  the  agencies 
involved,  the  statistical  design  of  the  study,  and  the  analysis  of  the 
results.  The  Wood  Products  Laboratory  of  the  School  of  Forestry  at 
N.  C.  State  University  is  responsible  for  the  collection  and  preparation 
of  test  specimens  for  treatment  and  for  the  evaluation  of  the  physical 
and  mechanical  testing  of  the  specimens  after  impregnation  and  irradiation. 
The  University  of  West  Virginia,  xinder  the  direction  of  Dr.  Kent,  will  im¬ 
pregnate,  irradiate,  and  prepare  the  treated  specimens  for  testing. 


*  Superintendent,  Wood  Products  Laboratory,  North  Carolina  State 
University,  Raleigh,  North  Carolina. 


The  objective  of  this  program  is  to  assess  the  nat\ire  and  extent  of 
changes  in  certain  physical  and  mechanical  properties  of  vood-plastic 
combinations  as  a  function  of  both  monomer  and  monomer  loading. 

Four  species  of  wood  were  selected  for  this  study  on  the  basis  of 
their  commercial  importance  and,  to  some  extent,  their  density.  The  two 
hardwoods  selected  were  northern  red  oak  (a  high  density  species)  and 
yellow  poplar  (low-medi\am  density  species).  All  of  the  specimens  from 
these  two  species  are  to  be  taken  from  the  heartwood.  The  two  softwoods 
selected  were  loblolly  pine  (high  density)  and  eastern  white  pine  (low 
density) .  All  of  the  specimens  taken  from  loblolly  pine  came  from  the 
sapwood  while  those  of  the  white  pine  came  from  the  heartwood.  Since  the 
heartwood  and  sapwood  of  almost  all  species  react  quite  differently  to  the 

penetrability  of  liquids,  special  effort  was  made  to  restrict  specimens  to  the 
heartwood  or  sapwood  zones  mentioned  above. 

The  fo\jr  monomers  initially  selected  were  methyl  methacrylate, 
styrene  acrilonitrile,  vinyl  chloride  and  vinyl  acetate.  Some  difficxil- 
ties  have  been  encountered  with  vinyl  chloride  and  vinyl  acetate  during 
the  preliminary  trials,  and  other  monomers  may  have  to  be  substituted. 

Four  nominal  loadings  will  be  applied  to  each  species  of  wood.  These  will 
be  0^,  33^,  66^, and  100^  or  full  (maximum)  loading.  The  0^  loading  seizes 
as  our  control  or  untreated  specimen. 

The  following  tests  are  to  be  performed: 

1.  Static  bending 

2.  Hardness 

3.  Toughness 

4.  Abrasion 
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5.  Rate  of  dimension  change  as  a  result  of  exposure  to  humidity 

6.  Compression  perpendicular  to  the  grain 

7.  Tension  perpendicular  to  the  grain 

8.  Vibration  characteristics. 

This  series  of  tests  is  much  more  comprehensive  than  earlier  work, 
both  in  the  number  of  tests  and  the  variety  of  wood-plastic  combinations 
to  be  used  with  matched  specimen  materials.  Initially,  North  Carolina 
State  University  planned  to  obtain  all  the  required  material  from  two 
trees  of  each  species,  but  we  have  already  found  it  necessary  to  add  a 
third  tree  for  yellow  poplar.  In  cutting  our  samples  we  have  sawed  the 
logs  into  planks  which  will  yield  a  group  of  l6  specimens.  These  l6 
specimens  (referred  to  as  a  group)  provide  us  a  matched  set,  since  they 
are  located  at  the  same  radial  position  in  the  tree  and  within  a  rela¬ 
tively  short  vertical  distance.  Within  this  group,  specimens  are  randomly 
selected  for  treatment  with  one  of  the  four  monomers  at  one  of  the  fovir 
levels  of  loading. 

The  nxmiber  of  groups  required  for  each  test  reflect  to  some  extent 
the  vajriability  of  that  particular  test.  Since  toughness  is  a  property 
with  high  variability,  we  are  repeating  or  replicating  that  test  ei^t 
times  within  a  species.  The  larger  volume  of  data  collected  for  these 
more  variable  tests  (such  as  toughness)  provides  the  statistician  with 
sufficient  information  to  predict  a  true  average  of  the  strength  of  the 
tested  material. 

It  should  be  realized  that  the  tests  to  be  conducted  in  this  study 
are  not  all-inclusive.  Other  tests  could  be  proposed  to  determine 
other  fundamental  properties  and  certain  characteristics  that  ml^t  be 
advantageous  for  particular  applications. 


25 


^■ihat  will  these  test  resiilts  show  us?  The  static  bending  tests  will 
indicate  the  stiffness  and  breaking  strength  of  the  various  wood-plastic 
combinations  at  different  levels  of  loading.  This  information  is  of 
value  to  the  structural  designer  and  therefore  to  the  construction  industry. 
It  can  also  be  of  use  to  the  fumit\ire  manufacturer  and  designer  since  a 
substantial  change  in  strength  properties  could  permit  a  change  in  furni¬ 
ture  design  and  construction.  Changes  in  toughness  values  because  of 
treatment  should  be  of  interest  to  manufacturers  of  certain  lines  of 
sporting  goods,  tool  handles,  etc.  Abrasion  resistance  and  hardness  tests 
should  provide  information  of  value  to  flooring  and  furniture  manufactur¬ 
ers.  Results  of  compression  tests  perpendicular  to  the  grain  would 
probably  be  of  interest  primarily  to  the  structural  designer.  Tension 
tests  perpendicular  to  the  grain  would  yield  information  related  in  some 
degree  to  cleavage  tests  and  also  to  other  limitations  such  as  end  split¬ 
ting  or  checking  associated  with  wooden  furniture.  The  tests  involving 
dimensional  rate  of  change  relative  to  humidity  changes  should  be  of 
interest  to  most  users  of  wood,  and  especially  those  in  flooring  and  furni- 
tixre  manufacture.  The  vibration  tests  are  not  widely  used  yet,  but  they 
will  reveal 

(1)  information  that  can  be  related  to  stiffness, 

(2)  the  damping  characteristics  of  a  piece  of  wood  (or  wood -plastic 
combination)  to  vibrational  energy, 

(3)  information  that  maybe  useful  in  nondestructive  testing  of 
wood  and  wood  products. 
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V/OOD-PLASTIC  EVALUATION  PROGRAM 
A.  0.  Burford* 

ABSTRACT 

(A  program  for  the  wood-products  industry  to  evaluate  pro¬ 
duction  samples  of  radiation-produced  wood-plastic  combinations 
(WPC)  for  commercial  use  is  described.  Under  contract  with  the 
USAEC,  the  Lockheed -Georgia  Cori5)any  will  provide  impregnation 
and  irradiation  services  for  78  participating  wood-product  pro¬ 
ducers.  Evaluation  criteria  that  were  used  for  selection  of 
the  78  of  181  competing  companies  were  based  on  the  product  wood 
species,  market  potential,  dimensions,  increased  cost,  etc.  A 
breakdown  of  the  various  types  of  products  and  the  bases  for 
evaluation  of  their  applicability  for  commercial  use  are  also 
included  .7 


The  Atomic  Energy  Commission  issued  an  invitation  on  July  I6,  1965 
to  the  wood-products  industry  to  participate  in  a  program  for  the  evalua¬ 
tion  of  radiation  processed  wood -plastic  combinations  (WPC).  This  invita¬ 
tion  specified  that  interested  companies  shovild  submit  requests  for 
participation  in  the  program  to  the  Lockheed -Georgia  Company,  Georgia 
Nuclear  Laboratory,  at  Dawsonville,  Georgia,  prior  to  August  20,  I965. 

Under  provisions  of  this  program,  con^janies  selected  by  the  ABC  will  submit 
wood  samples  for  impregnation  and  irradiation  by  Lockheed -Georgia  Con^jany. 
Participating  companies  are  expected  to  fabricate  end  products  from  their 
wood-plastic  samples  and  to  submit  an  evalmtion  report  on  the  suitability 
of  this  new  material  for  their  products. 

EVALUATION  CRITERIA 

One  hundred  and  eighty-one  responses  were  received  from  the  AEC 
invitation  and  were  classified  into  2.h  categories  to  provide  representation 

Manager,  Nuclear  Analysis  Department,  Lockheed-Georgia  Company, 
Marietta,  Georgia. 
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in  the  program  from  the  largest  possible  cross  section  of  the  wood-products 
industry.  Products  and  firms  were  selected  from  each  category  to  ensure 
that  products  having  the  greatest  potential  in  wood-plastic  applications 
were  included  in  the  program.  The  following  considerations  were  used  in 
making  the  selections: 

1 .  Wood  Species 

Certain  wood  types  do  not  impregnate  well  and  consequently  do  not 
produce  a  satisfactory  product.  Not  all  inquiries  specified  wood  type; 
some  listed  multiple  types  which  included  both  acceptable  and  nonacceptable 
wood  species;  others  listed  species  with  unknown  impregnation  characteris¬ 
tics.  In  these  cases  consultation  with  the  companies  concerned  restilted 
in  either  a  resubmission  of  a  sample  of  suitable  wood  type  or  elimination 
of  the  product  from  the  program. 

2.  Market  Potential 

Products  representing  the  largest  market  potential  for  \TPC  were 
given  priority.  Special  consideration  \ras  given  to  those  products  repre¬ 
senting  existing  markets,  rather  than  to  those  representing  future  markets, 
to  expedite  the  commercialization  of  tilPC.  In  general,  end-product  manu- 
factvirers  were  selected  rather  than  wood  suppliers. 

3.  Mxiltiple  Responses  Within  the  Same  Category 

Many  responses  for  processing  similar  items  were  received;  however, 
multiple  evaluations  were  essentially  excluded  to  provide  the  widest  possi¬ 
ble  cross  section  of  the  wood-products  industry. 

4.  Dimensions  of  Specimens 

All  products  selected  were  required  to  have  dimensions  which  would 
allow  the  sample  to  fit  within  the  existing  Lockheed  facilities  which  can 


accomodate  items  up  to  6  ft  in  length.  Although  some  companies  did  not 
specify  dimensions  of  their  specimens  and  some  expressed  a  desire  to  have 
material  processed  which  exceeds  the  dimensional  capacity  of  the  Lockheed 
equipment,  the  problems  were  resolved  by  consultation  with  these  companies. 

5.  Effect  of  Increased  Cost  on  Wood-Plastic  Product 

The  considerable  enhancement  of  physical  and  esthetic  properties 
ejdiibited  by  TOC  is  not  required  for  all  products,  nor  do  the  inprove- 
ments  in  all  cases  justify  the  increased  cost.  VJhen  it  appeared  that  the 
cost  would  be  excessive  for  products,  companies  were  contacted  for  their 
opinion.  Several  potential  participants  were  eliminated  at  their  own 
request  for  this  reason.  Economic  data  generated  by  Vitro  Engineering  Com¬ 
pany  for  the  AEC  on  the  cost  of  producing  TOC  were  used  in  these  discussions. 

EVALUATION  RESULTS 

Of  the  l8l  companies  requesting  participation,  approximately  78 
were  selected  by  the  AEC.  The  number  and  predominant  areas  of  the  various 
responses  were  as  follows: 

1.  Thirty-two  responses  were  received  from  furniture  manufacturers  and 
covered  a  wide  variety  of  uses  including  industrial,  commercial,  out¬ 
door,  and  home  furniture. 

2.  Fifteen  companies  were  interested  in  veneer  or  plywood  application.  A 
number  of  companies  in  other  categories,  such  as  furniture  and  cabinet 
mantifacturing,  were  also  interested  in  veneer  applications,  but  those 
conpanies  were  included  in  their  respective  categories . 

3.  Thirteen  companies  were  interested  in  flooring  applications. 

4.  Twelve  companies  manufactured  sporting  goods  and  another  six  companies 
requested  processing  for  gun  stocks. 
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5.  Twelve  responses  v/ere  received  from  companies  producing  millwork,  in¬ 
cluding  doors  and  windows. 

6.  Ten  responses  were  received  from  companies  producing  handles. 

7.  Twenty  responses  were  received  from  various  industries,  almost  all  of 
which  represented  different  industrial  uses. 

The  responses  to  the  AEG  invitation  were  not  entirely  random.  Both  the 
AEG  and  the  Lockheed-Georgia  Gompany  sent  press  releases  of  the  contract 
announcement  to  companies  which  had  indicated  interest  in  WPG  by  previous 
communications.  In  addition,  there  were  standard  public  information  re¬ 
leases  which  appeared  in  various  trade  journals.  Most  of  the  responses 
were  received  from  congjanies  which  had  received  the  AEG  announcement  directly. 
The  geographic  distribution  of  the  responding  companies  was  quite  good  and 
at  least  one  response  was  received  from  essentially  every  state  which  has 
a  sizable  wood  fabrication  industry. 

Evaluation  of  responses  revealed  that, while  most  of  the  companies  re¬ 
sponding  had  a  general  knowledge  of  these  materials,  it  v/as  evident  that 
the  details  of  cost,  physical  characteristics,  and  availability  were  not 
well  understood.  It  appears  from  Lockheed's  evaluation  of  responses  and 
consultations  that  a  true  evaluation  of  wood-plastic  material  will  be 
achieved  only  by  the  wood-using  industries  working  with  these  materials 
to  produce  their  own  product. 

PROGESSING 

Each  of  the  companies  selected  by  the  AEG  to  participate  in  the  wood 
evaluation  program  will  be  contacted  concerning  the  wood  species  and  wood 
forms  to  be  processed.  From  these  contacts  a  detailed  processing  plan 
will  be  developed.  Processing  shovild  begin  in  October  and  continue  thro-ugh 


November,  1965.  An  effort  will  be  made  to  process,  first,  specimens  which 
require  a  long  testing  period  for  end-product  evaluation.  Throughout  the 
treatment  and  evalmtion  period  the  contractor  will  be  in  contact  with 
each  of  the  participating  con^ianies  to  give  whatever  assistance  and  consulta¬ 
tion  are  required.  Because  of  the  large  number  of  selections,  the  scope 
of  the  program  will  probably  not  permit  as  much  to  be  processed  as  some 
groups  might  desire.  Generally,  the  quantity  of  wood  to  be  processed  for 
a  manufactvirer  will  be  adjusted  according  to  his  needs;  for  example,  larger 
quantities  of  wood  for  flooring  and  furniture  will  be  prepared  than  for 
cutlery  handles.  Since  the  contract  provides  for  the  processing  of  6OOO 
to  8000  pounds  of  wood  (at  5  or  6  pounds  per  board  foot),  then  each  con^ny 
shovild  received  enough  material  to  reach  some  firm  conclusions  concerning 
the  use  of  WPG  in  its  products. 

EVALUATIONS 

The  prime  objective  of  the  proposed  program  is  the  evaluation  of  the 
applicability  of  radiation  processed  WC  to  commercial  use.  To  permit  a 
realistic  assessment  of  industrial  acceptance  and  potential  utilization  of 
these  materials,  each  participating  company  will  be  requested  to  submit 
to  Lockheed  an  evaluation  report  on  the  suitability  of  each  material  processed 
for  a  specific  end-product  application.  All  companies  will  be  asked  to 
submit  certain  standard  data  from  their  evaluations: 

1.  A  description  of  the  testing  and  evaluation,  including  any  test  data  ob¬ 
tained,  will  be  required.  Lists  of  the  properties  which  were  satisfactory, 
partially  satisfactory,  and  unsatisfactory,  and  a  ranking  of  the  rela¬ 
tive  importance  of  the  properties  in  each  of  these  categories  will  be 
requested . 
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A  general  evaluation  of  the  effectiveness  of  the  wood-plastic  for  the 
specific  end-product,  including  the  desirability  of  using  WPG,  will 
also  he  requested.  Suggestions  as  to  desirable  improvements  or  modi¬ 
fications  in  WPG  to  increase  potential  applicability  in  their  industry 
and  the  identification  of  other  company  products  for  which  wood-plastics 
should  be  evaluated  are  also  to  be  included. 

Other  information  required  will  be  con^any  appraisal  of  (a)  simplifica¬ 
tions  in  manufacturing  processes  obtained  by  use  of  wood-plastics, 

(b)  economic  advantages  and  disadvantages  of  incorporating  wood -plastics 
in  end-products,  and  (c)  potential  volume  of  wood -plastics  that  may  be 
used  within  the  company  and  within  the  industry. 
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A  PROGRESS  REPORT  ON  A  FEASIBILITY  AND  CONCEPTUAL 


DESIGN  STUDY  OF  THE  WOOD-PLASTIC  COMBINATIONS  PROCESS* 

J.  H.  Frankfort** 

ABSTRACT 

Crtie  Vitro  Engineering  Company after  analysis  of  work  "by 
many  contractors  and  evaluation  of  their  own  effort,  has  made 
a  feasibility  and  conceptual  design  study  of  the  wood-plastic 
combinations  (WPC)  process'^  This  study  (l)  indicated  that  suf¬ 
ficient  data  have  been  generated  for  the  design  of  a  pilot  plant 
facility  with  a  200  Ib/hr  production  rate;  (2)  recommended  a 
pilot  plant  that  would  provide  capabilities  for  development  work 
on  other  monomer  systems  —  work  essential  for  design  of  a  pro¬ 
duction  facility  using  these  materials;  (3)  considered  the 
economic  factors  related  to  a  3000  Ib/hr  WPC  production  plant; 
and  (4)  concluded  that  the  market  potential  for  furniture, 
flooring,  and  specialty  items  is  excellent,  ^sign  features 
for  monomer  handling,  impregnation,  and  irradiation  equipment 
as  well  as  research  fmctions  for  the  pilot  plant  are  described. 
Recommendations  and  conclusions  are  presented^ 


Vitro  has  made  a  comprehensive  review  of  the  work  performed  by  Dr.  James 
Kent  of  the  West  Virginia  University,  the  work  on  vinyl  chloride  by  Dr.  A.  M. 
Feibush  of  the  Air  Reduction  Coii5)any,  and  the  market  survey  report  of 
Arthur  D.  Little,  Inc.  (ADL).  We  monitored  the  work  performed  by  the 
Southern  Interstate  Nuclear  Board  (SINB)  concerned  with  the  commercialization 
of  wood-plastic  combinations  in  the  southeastern  area  of  the  United  States 
and  reviewed  the  current  proprietary  work  on  wood -plastic  combinations  (WPC) 
being  carried  out  by  the  Lockheed -Georgia  Company,  which  is  a  company- 
funded  program  of  research  and  development  on  wood-plastic  materials.  (Lock- 
heed-Georgia,  xinder  a  USAEC  contract,  also  supplies  limited  quantities  of 
wood -plastic  material  for  industrial  product  testing.)  Information  supplied 
to  us  on  the  progress  of  the  physical  testing  program  being  carried  on  by 

■*^e  work  is  being  done  under  contract  with  the  USAEC. 

**Wew  Projects  Manager,  Vitro  Engineering  Company,  New  York  City. 
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the  Research  Triangle  Institute  and  on  the  commercialization  studies  being 
performed  by  Pacific  Northwest  Laboratories,  and  the  V/estern  New  York  ' 

Nuclear  Research  Center  also  served  as  a  basis  of  oixr  considerations  as 
to  the  feasibility  of  a  pilot  plant  facility  for  the  serai -product ion  of 
wood -plastic  combinations . 

These  wood-plastic  combinations  are  made  by  first  impregnating  wood 
with  a  monomer  and  then  polymerizing  by  using  a  radiation  source  and  thus 
converting  the  treated  wood  to  a  solid  polymer-reinforced  material.  The 
resulting  product  is  a  completely  new  and  different  product  and  has  many 
characteristics  that  are  better  than  those  of  wood.  The  new  material,  aside 
from  having  increased  strength,  moisture  resistance,  and  dimensional  stabil¬ 
ity,  and  improved  machinability  and  finishing  characteristics,  has  an 
extremely  high  esthetic  value,  being  a  much  warmer  and  more  colorful  product 
than  wood.  Best  of  all,  it  requires  no  maintenance  since  the  finish  is  not 
superficial  and  damaged  areas  can  be  restored  to  the  original  condition  by  a 
simple  sanding  or  buffing  process. 

The  process  suggests  the  use  of  lower-grade  woods  for  applications 
where  only  hi^-grade  and  selected  woods  are  now  being  used.  Many  of  ovir 
so-called  non-furniture  grade  wood  species  offer  excellent  textural  and 
esthetic  qualities  but  are  currently  not  being  used  because  of  their  lack 
of  hardness  and  strength,  or  because  of  poor  finishing  qualities. 

Because  these  new  materials  have  such  attractive  commercial  possibili¬ 
ties,  design  concepts  for  both  pilot-plant  and  full-scale  production  facilities 
for  WPG  have  been  investigated. 


PILOT  PLAMP  FACILITY 


0?he  construction  of  a  pilot  plant  using  methyl  methacrylate  (MMA)  and 
with  a  semi -production  capability  of  200  Ih/hr  throughput  is  feasible,  with 
very  little  additional  process  data  required.  The  pilot  plant  would  also 
provide  capabilities  for  further  development  efforts  on  other  monomer  sys¬ 
tems  such  as  vinyl  acetate,  styrene-acrylonitrile,  and  vinyl  chloride.  The 
pilot  plant  would  demonstrate  all  of  the  basic  design  elements  of  a  full- 
size  production  facility. 

Design  Features 

Let  us  first  try  to  summarize  design  features  required  for  a  WPC  pilot 
plant . 

The  pilot  plant  should  have  a  capability  of  producing  a  reasonable 
quantity  of  samples  of  WPC  to  supply  industrial  needs  for  product  develop¬ 
ment  and  test  marketing.  This  limited  production  initially  would  be  based 
upon  methyl  methacrylate  wood  formulations. 

Monomer  Handling.  Because  certain  monomers  such  as  methyl  methacrylate 
must  be  deoxygenated  before  their  use  in  wood  plastics,  and  since  dyeing  of 
monomers  is  desirable,  day- storage  tankage  for  monomer  treatment  is  required. 
In  addition,  because  we  believe  that  coloring  of  wood  plastics  is  an  in^or- 
tant  item  in  developing  markets,  we  would  include  in  the  pilot  plant  some 
monomer  stripping  capability  in  order  to  obtain  data  on  the  dye  removal 
from  monomers. 

It  is  probably  unrealistic  to  assume  that  all  monomers  investigated 
in  the  pilot  plant  sho\xld  be  purchased  and  stored  in  tank-car  quantities. 

We  recommend  that  yard  storage  be  provided  for  the  monomer  \ased  for  produc¬ 
tion  runs  of  WPC  and  that  drum  storage  and  handling  facilities  be  provided 
for  all  other  monomers. 
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Impregnation.  Since  it  is  necessary  to  produce  materials  within  a 
comparatively  narrow  range  of  specifications,  the  pilot  plant  impregnation 
equipment  and  procedures  must  provide  scale-up  capability  to  a  full-size 
production  plant.  It  is  obvious  that  there  cannot  be  any  unresolved  ques¬ 
tions  of  impregnator  equipment  design  at  the  end  of  the  pilot -plant  program. 
In  particular,  any  problems  arising  in  the  use  of  closures  and  seals  and 
in  the  loading  and  unloading  of  materials  must  be  solved. 

The  Impregnation  system  should  therefore  be  designed  to  afford  full 
flexibility  to  operate  the  system  either  under  vacuum  conditions  or,  where 
pressure  impregnation  is  required,  at  pressures  up  to  250  psi.  The  system 
would  be  provided  with  attendant  vacuum  and  pressurization  facilities .  A 
nitrogen  system  would  supply  blanket  gas  during  the  impregnation  cycle,  and 
the  impregnators  would  be  capable  of  handling  the  full  production  rate  of 
the  facility  on  a  single-shift  basis. 

We  believe  that  enclosed  production  carriers  are  essential;  therefore, 
the  impregnators  should  be  designed  to  receive  directly  the  loaded  product 
carriers . 

Product  Carriers .  Since  the  most  important  research  function  of  the 
pilot  plant  is  to  provide  scale-up  data  for  the  production  plant,  we  pro¬ 
pose  that  the  product  carriers  be  sized  to  approach  production  scale.  For 
example,  because  it  is  expected  that  production  plant  packages  will  be  about 
8  ft  high  for  good  source  efficiencies,  we  suggest  that  the  pilot-plant 
packages  be  approximately  k  ft  high.  We  would  expect  by  experimentation 
to  determine  the  effect  of  package  height  with  sufficient  detail  to  be  able 
to  extrapolate  process  conditions  for  a  package  height  of  8  ft. 
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The  product  carriers  for  the  pilot  plant  woilLd  be  large  enough  to 
accept  product  8  ft  long,  vertically  stacked  to  a  height  of  4  ft.  The 
product  would  be  stacked  in  the  carrier  to  ensure  that  there  are  individual 
vertical  stacks  of  material,  each  approximately  1  in.  thick  with  an  air 
space  of  approximately  1  in.  between  each  stack.  There  shovild  be  no  more 
than  eight  1  in.  layers  of  material  in  each  of  the  carriers  to  effect  opti¬ 
mum  photon  absorption  efficiency. 

The  product  carriers  must  be  designed  to  operate  in  a  pressure  range 
of  from  as  low  as  1  mm  of  mercury  to  250  psi.  They  should  not  have  any 
fixed  supply,  drain,  or  relief  valves  because  the  subsequent  radiation 
would  polymerize  any  contained  monomer  and  render  the  valve  inoperable. 

The  product  carriers  should  be  designed  to  include  both  a  cooling 
water  system  for  removing  heat  and  an  expansion  chamber  to  moderate  any 
pressixre  developed  in  the  carrier  during  the  time  the  polymerization  cycle 
is  passing  through  the  exothermic  region. 

Since  the  impregnation  and  radiation  operations  require  the  product 
be  maintained  in  an  inert  gas  atmosphere,  the  product  carriers  must  be 
sealed  before  removal  from  the  impregnator. 

Irradiation  Facility.  For  a  semi -production  pilot  facility  which  can 
provide  scale-up  Information  to  full  production,  we  recommend  a  cobalt-60 
source  rather  than  other  sources  of  radiation  be  used  because; 

1.  Sodium-24  is  not  generally  available  throughout  the  country. 

2.  Ceslum-137  at  present  is  too  high-priced,  and  large-scale 
cesium-137  sources  in  the  United  States  still  must  be  evalmted. 

3.  Spent  fuel  elements  introduce  problems  concerned  with  owner¬ 
ship  and  insiirancej  also  there  is  no  set  price  and,  more  important. 
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the  sources  are  not  generally  available  over  the  entire 
country  for  general  industrial  application. 

k.  A  nuclear  reactor  not  only  has  poor  economic  advantage  hut  also 
has  problems  associated  with  third-party  liability,  licensing, 
and  poorer  material  handling  capabilities. 

5.  X-ray  machines  and  accelerators  are  generally  incompatable  with 
the  process  requirements,  and  there  is  a  lack  of  definitive 
price  information,  a  lack  of  operating  e3q)erience  on  this 
specific  process,  and  a  lack  of  response  on  the  part  of  the 
manvifacturers  of  the  equipment. 

The  pilot-plant  source  arrangement  should  be  capable  of  delivering  low 
dose  rates  to  the  wood  arrays  to  obtain  the  maximum  radiation  efficiency. 
The  irradiation  should  be  on  a  three  shift/day  operation.  All  other  opera¬ 
tions  would  be  One  shift/day.  At  200  Ib/hr  production,  the  total  yearly 
production  can  be  1.6  million  lb,  assuming  8000  hr/yr.  Maximum  dose  rate 
is  approximately  0.11  Mrad/hr;  minimum  total  dose  is  1  Mrad.  Estimated 
residence  time  in  the  irradiation  cell  is  18-24  hr. 

The  source  geometry  and  size  would  be  governed  by  required  dose  rate, 
residence  time,  total  dose,  and  photon  absorption  efficiency.  Soijrce 
configuration  should  consist  of  a  plaque  array  which  would  present  a  suita¬ 
ble  face  area  to  the  product  carrier  and  a  total  length  compatible  with  a 
simple  materials  handling  system. 

Within  the  radiation  area  there  should  be  a  source  storage  system  to 
provide  means  of  safe  assembly  of  sources  in  the  required  array,  a  means  of 
source  redistribution  and  replenishment,  and  a  method  for  rapidly  removing 
the  source  from  the  radiation  area  to  permit  maintenance  of  the  conveyor 


system  when  required 


Safety.  It  is  well  to  recognize  that  the  combined  problem  of  chemical 


hazard  and  nuclear  hazard  will  require  extensive  safety  precautions  and 
possibly  auxiliary  safety  equipment.  ¥e  would  expect  that  early  and  con¬ 
tinuing  liaison  with  responsible  licensing  and  regulatory  boards  woixLd  be 
required  during  the  detailed  pilot-plant  design. 

Impregnation  and  the  subsequent  transfer  of  the  product  carrier  to 
the  irradiation  area  of  the  plant  should  be  done  without  exposing  personnel 

to  inherent  explosion  or  toxicity  hazards  in  handling  the  monomer. 

The  radiation  area  as  well  as  all  monomer  handling  and  impregnation 

areas  should  be  explosion  proof.  Moving  parts  in  contact  with  other 
metallic  sxarfaces  should  be  spark  proof. 

An  inert  atmosphere  within  the  radiation  facility  is  needed.  This 
will  provide  secondary  protection  against  explosion  or  fire  which  might 
be  caused  by  the  ruptixre  of  the  product  carrier.  The  maximum  oxygen  concen¬ 
trate,  within  the  radiation  area  should  not  exceed  4^  by  volume. 

It  is  possible  that  relatively  large  amounts  of  wastes  will  be  generated 
in  the  pilot  plant  because  of  the  nattire  of  the  research  program.  The  pilot 
plant  should  be  designed  to  permit  the  safe  disposal  of  a  wide  range  of 
monomers . 

Research  Functions 

Monomer  Studies.  The  pilot  plant  should  provide  the  capability  of 
doing  research  and  development  work  on  other  monomers  systems  such  as  vinyl 
chloride  which  require  high  pressure  during  the  radiation  polymerization 
at  room  temperatxire .  For  these  monomers  we  recommend  autoclave -type  car¬ 
riers  .  We  would  expect  the  research  and  development  program  to  be  directed 
tomrd  establishing  the  most  economic  operating  conditions  for  the  use  of 
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these  other  monomer  systems  in  wood-plastics  manufacture  to  permit  the 
determination  of  their  process  economics.  We  wovild  expect  to  test-process 
all  monomers,  including  methyl  methacrylate,  using  the  autoclave  before 
undertaking  any  production  runs. 

Operating  Conditions.  The  process  research  function  of  the  pilot 
plant  should  be  directed  tovrard  confirming  the  best  operating  conditions 
to  produce  the  most  ixniform  product.  In  any  test  run  we  would  anticipate 
collecting  the  following  data: 

1.  Temperature  history  at  several  places  in  the  wood  array  to 
determine  the  maximum  wood  temperatures  during  polymerization. 

2.  Pressure  history  diaring  irradiation  polymerization. 

3.  Data,  such  as  local  polymer  concentration,  obtained  from 
destructive  testing  of  product. 

k.  Qualitative  evaluation  of  product  —  color,  uniformity,  etc. 

5.  Dose  distribution  data  throughout  the  wood  array. 

Each  of  the  above  data  collections  would  be  made  for  the  different 
experimental  source  configurations  and  for  each  monomer-wood  system.  Items 
such  as  monomer  losses  from  the  wood -plastics,  wood  handling  techniques,  etc., 
wovild  not  be  determined  for  every  system  but  optimized  for  some  common 
product  system. 

Product  Development  and  Testing.  To  permit  the  widest  application  of 
wood -plastics  from  the  proposed  pilot  plant,  we  recommend  the  inclusion  of 
a  well- outfitted  woodworking  shop  and  wood  research  area.  This  wood 
research  area  wo-uld  permit  small-scale  product  development  work  including 
glueing,  fastening,  and  slicing  operations.  It  should  also  provide  a  cer¬ 
tain  amount  of  test  equipment  for  evaluating  characteristics,  and  a  process 


control  laboratory. 
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COMvffiRCIAL  PRODUCTION  PLANT 

Design  Criteria 

Heat  Removal.  During  the  polymerization  processes,  exotheiroic  heat 
of  polymerization  is  evolved  in  WPC  manufacture,.  The  wood  can  he  considered 
to  he  a  diluent,  acting  to  ahsorh  the  heat  of  polymerization.  It  is  obvi¬ 
ous  for  most  plastics  and  most  loadings  that  some  of  the  heat  of  polymeriza¬ 
tion  must  he  removed  from  the  wood-plastic  system  during  polymerization  if 
a  satisfactory  naterial  is  to  he  made.  The  problem  of  heat  removal  from 
WPC  is  so  critical  to  the  manufacturing  process  that  the  basic  design  of 
the  production  plant  hinges  on  the  method  selected.  Because  the  experiments 
supported  by  the  USAEC  to  date  have  only  been  on  a  laboratory  scale,  the 
temperatiire  problem  has  not  been  seriously  considered. 

Vitro  has  studied  the  heat  evolution  problem  as  it  affects  much  larger 
quantities  of  polymerization  material  and  its  influence  on  the  process 
design  in  detail.  Any  atten^t  to  polymerize  the  monomer  under  isothermal 
conditions  in  the  manufacture  of  wood-plastic  composites  is  extremely 
difficult  because  it  involves  ranoving  heat  from  a  solid  system.  With 
further  research,  it  might  be  possible  to  find  a  liquid  in  which  the 
monomer-impregnated  wood  covild  be  submerged  during  polymerization,  with 
the  liquid  acting  as  a  heat-transfer  medim  without  affecting  the  pro¬ 
duct.  Since  we  cannot  assume  the  availability  of  such  a  medium,  we  must 
then  explore  the  implications  of  solid -gas  heat  transfer.  The  most  es^pedi- 
ent  solution  to  the  problem  is  to  polymerize  WC  under  such  conditions 
(of  radiation  and  heat  removal)  that  the  product  temperature  is  permitted 
to  rise  to  some  set  maximum  temperatvire,  perhaps  250°  «  300°  F. 

Dose  Rate.  Wood -plastic  irradiation  differs  from  other  irradiation 
processes  because  there  is  a  distinct  dose  rate  sensitivity  in  the  total 
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dose  requirements.  It  is  the  dose  rate  sensitivity  of  the  material  that 
has  a  major  influence  on  the  radiation  source  design.  In  discussing  dose 
rate  and  source  design  for  a  production  scale  WC  plant  we  are  limiting 
ourselves  to  a  detailed  discussion  of  a  cobalt-6o  source. 

Kent's  data  show  that  WPG  formed  using  low  dose  rates  require  the  low¬ 
est  total  dose.  In  addition,  the  resultant  polymer  in  the  WPG  has  a  higher 
molecular  weight,  which  means  polymers  of  higher  quality.  An  even  more 
important  aspect  of  dose  rate  effects  is  its  influence  on  heat  evolution 
rates,  since  Kent  also  shows  that  the  lower  the  dose  rate  the  lower  is  the 
rate  of  heat  generation.  Since  we  are  to  take  advantage  of  the  latter  effect 
because  of  our  concern  with  the  problems  of  heat  dissipation  in  a  pilot-  or 
production-plant  facility,  we  directed  our  efforts  on  source  design  to 
achieve  this  purpose.  Machine  calculations  were  made  to  determine  the  dose- 
rate  variation  through  a  uniform  WPG  array  using  a  uniform  plaque  source 
of  Brookhaven  National  Laboratory  (BNL)  type  cobalt-60  strips.  The  results 
show  that  for  an  8 -ft -high  source  (for  the  proposed  production  plant)  the 
maximum  dose  3rate  in  the  WPG  is  0.157  Mrad/hr.  It  is  this  dose  rate  which 
in  a  two-pass  system  will  define  the  minimum  integrated  dose  received  by 
the  wood.  Gobalt-60  with  an  activity  of  1  curie/g  in  a  BNL  strip  of 
1.03  g/cm^  of  cobalt  will  deliver  a  dose  of  0.064  Mrad/hr  to  the  wood  array 
half  thickness.  To  achieve  O.OU  Mrad/hr,  a  specific  activity  of  0.625  curie/gj 
i.e.,  0.04/0*064,  is  required.  These  values  are  uncorrected  for  edge  effects. 
In  a  continuous  irradiation  process,  where  product  is  moved  past  a  sohrce 
and  parallel  to  it  at  a  uniform  speed,  the  total  dose  received  by  all  points 
of  the  product  in  a  plane  parallel  to  the  source  is  -uniform.  By  properly 
spacing  higher-specific-activity  strips  and  by  varying  time,  one  can  avoid 
the  use  of  a  dilute  soijrce  with  its  attendant  high  encapsulation  costs. 

Thus  15-30  curies/g  source  inaterial  will  restilt  in  a  source  length  of  90  ft. 
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Economic  Considerations 

The  criteria  descrihed  above  were  used  as  a  basis  for  estimating  capi¬ 
tal  costs  for  a  commercial  wood  processing  plant.  For  a  3000  Ib/hr  WPG 
plant  producing  24  million  lb  of  WPC/year,  the  estimated  engineering  and 
construction  cost  is  $1,500,000.  The  source  installation  cost,  which  ex¬ 
cludes  the  first-year  replenishment,  is  $832,000.  Thus,  the  total  invest¬ 
ment  for  the  plant  is  $2,332,000. 

The  estimated  capital  costs  for  the  project  are: 


Sitework  and  yard  improvements  $  l40,000 
Administration  building  45,000 
Process  building  and  equipment  750,000 
Irradiation  facility  365,000 
Soxirce  832,000 
Engineering  200,000 

Total  $  2,332,000 


Table  1  shows  the  annual  and  hourly  operating  costs  for  this 
plant . 

Table  2  shows  the  total  costs  for  producing  several  special  shapes 
and  specific  products. 

Economic  evaluations  of  product  costs  based  on  a  3000  Ib/hr  production 
facility  indicate  that  the  impregnation  and  radiation  costs  for  the  methyl 
methacrylate  would  be  approximately  4^/lb .  Monomer  costs  for  methyl  meth¬ 
acrylate  formulations  would  be  approximately  8f5/lb.  Total  conversion  costs 
(less  wood  cost)  would  be  135i5/lb,  resiating  in  a  cost /board  foot  of  methyl 
methacrylate-wood  combinations  of  655^  (excluding  wood  cost).  Assuming  aver¬ 
age  wood  costs  of  35^/board  foot,  the  total  product  cost  (less  marketing 
cost  and  profit)  would  be  $1.00/board  foot.  Assuming  100^  markup  for  mar¬ 
keting  costs  and  profit,  possible  selling  price  of  methyl  methacrylate- 
wood  combinations  is  $2.00/board  foot. 
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TABLE  I.  ANNUAL  AND  HOURLY  OPERATING  COST  FOR  MMA  PLANT  PRODUCING 
3000  Ib/hr  WPG  USING  A  I .28  x  1 0^  COBALT-60  SOURCE 


Annual  Cost 

$  /yr 

Plant  Depreciation* 

$ 

150, 000 

Source 

Depreciation^ 

83,  200 

Replenishment® 

1 16, 480 

Direct  Labor‘ 

156, 000 

Factory  Overhead* 

124, 800 

Maintenance  Labor  and  Supplies* 

75, 000 

Utilities’ 

15, 000 

Local  Taxes  and  Insurance® 

30, 000 

Operating  Supplies’ 

7,  500 

Inert  Gas*° 

3,  000 

Third  Party  Liability 

75, 000 

Total  Manufacturing  Cost 

$ 

835, 980 

General  Overhead’* 

167, 196 

Total  Operating  Cost 

$ 

1, 003,  176 

Hourly  Cost  (  for  8000  hr/ year) 

125.  20/h 

Use  130/hr  for  estimating 


NOTES 


‘Plant  cost  $  1,500,000  for  3000  Ib/hr  MMA  -  hardwood;  depreciation  10%  (new 
depreciation  guidelines  of  1963  U.S.  Master  Tax  Guide  gives  10  years  of  life  in 
lumber,  wood  products  and  furniture  manufacturing,  11  years  for  plastics  manu¬ 
facturing)  . 

^Source  1.28  x  10*  C  Co-60  at  65  //C  encapsulated  $832,000;  depreciation  10%,  since 
diffuse  source  elements  can  be  moved  closer  together  as  source  strength  decays. 


^Source  replenishment:  14%/ year  at  65  / / C. 
■‘Direct  labor: 

Receiving,  shipping  and  yard 
Impregnator  and  irradiater 
Packing  and  unloading 
Supervisor 

Total 

Assume  average  $  3.50/hr 
^Factory  overhead:  assume  80%  of  direct  labor 
^Maintenance  labor  and  supplies:  5%  of  plant  cost 


3  man/  day 
3  men  /  day  (  l/  shift) 

8  men/ day 
1  man  /  day 

15  men/  day  =  120  man  hr/ day 


^Utilities:  1  %  of  plant  cost 

®Local  taxes  and  insurance:  2%  of  plant  cost 
’Operating  supplies:  l/ 2%  of  plant  cost 

‘“Propane:  assume  6,000  scfm/hr  inert  gas  (  Nz  +  CO^)  produced  at  26%  on  stream  for 
radiation  cell;  assume  for  impregnator 


“General  overhead  (  excluding  sales)  20%  of  total  manufactured  cost 


TABLE  2.  COST  OF  SPECIAL  SHAPES 
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RECOMMENDATIONS  AND  CONCLUSIONS 

Pilot  Plant 

We  Relieve  that  the  200  Ih/hr  plant  could  satisfy  an  initial  require¬ 
ment.  We  also  feel  that  the  pilot  facility  could,  at  a  moderate  additional 
capital  cost,  he  designed  to  allow  a  10-fold  production  increase  (2000  Ih/hr) 
as  the  demand  became  necessary. 

After  reviewing  the  work  performed  hy  the  contributing  contractors 
and  supplementing  the  information  with  our  own  engineering  evaluation,  we 
conclude  that  there  are  sufficient  research  data  available  to  proceed  with 
the  design  and  construction  of  a  pilot  plant  facility  having  semi -product ion 
capabilities.  The  location,  we  believe,  is  of  secondary  importance  since 
it  will  be  a  pilot  plant  and  will  not  be  required  to  produce  full  production 
quantities . 

From  the  input  supplied  by  ADL,  SINB,  and  others  and  as  a  restilt  of 
direct  discussions  with  many  potential  users  of  WPG,  we  conclude  that  the 
pilot  plant  should  be  sized  to  accommodate  materials  as  long  as  8  ft. 

Because  of  the  possible  severe  heat-control  problems  involved  in  the 
polymerization  of  styrene -acrylonitrile  (S/a)  and  vinyl  acetate  (VA) ,  we 
recommend  that  the  pilot  plant  production  capability  be  limited  to  mono¬ 
methyl  methacrylate  (MMA.)  WPG.  The  radiation  source  should  be  cobalt-60. 

In  the  research  program  for  the  pilot  plant,  we  recoimnend  developing 
additional  data  on  the  S/A-’l'^PG  heating  problem  to  determine  the  operating 
requirements  for  semi -product ion  scale  raanufact\ire  of  S/a  WPG.  If  it  is 
established  that  radiation  of  the  S/A  WPG  at  1  atm  is  satisfactory  from 
a  temperature  standpoint,  the  pilot  plant  will  be  able  to  produce  quanti¬ 
ties  of  approximately  6o  Ib/hr. 
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Since  vinyl  chloride  (VC)  is  very  attractive  economically  for  WPC, 
ve  recommend  developing  data  in  the  pilot  plant  for  its  use  in  WPG  even 
thou^  a  VC-WPC  process  plant  must  require  some  modest  pressure  technology. 

We  recommend  that,  unless  VA-WPC  have  some  outstanding  quality,  they 
not  he  investigated  in  the  pilot  plant.  Difficulties  in  temperature  control 
and  dyeing  of  VA-WPC  make  them  less  desirable  than  the  above  WPG  systems . 
Further  Research 

The  following  recommendations  for  further  research  are  presented, 
based  on  o\ir  findings  to  date. 

The  work  by  West  Virginia  University  and  Air  Reduction  Co.  on  vinyl 
chloride  shovild  be  extended  to  determine  which  is  better  —  unplasticized 
PVC^-wood,  or  plasticized  PVC-wood. 

Further  consideration  should  be  given  to  e2q)erimentation  on  the  con¬ 
trolled  non-uniform  loading  of  wood  products  which  may  lead  to  the  develop¬ 
ment  of  a  new  area  of  application.  By  impregnation  of  solid  materials  to 
a  depth  of  perhaps  only  l/8  in.  or  l/4  in.  and  leaving  the  center  unimpreg¬ 
nated,  important  savings  could  be  realized  by  using  less  monomer,  while 
still  realizing  most  or  all  of  the  physical  qualities  of  a  uniformly  loaded 
WPG. 

Further  experiments  in  radiation  polymerization  should  be  performed 
at  dose  mtes  lower  than  0.4  Mrad  /hr. 

Further  work  should  be  done  to  extend  impregnation  techniques  to 
include  pres svirizat ion  capability  up  to  250  psi. 

One  important  experiment  which  should  be  carried  out,  in  order  to  re¬ 
inforce  the  basis  of  the  proposed  pilot  plant  approach,  wovild  be  a  large 
scale  irradiation  of  a  wood-plastic  composite  array  approaching  the  size 


*Polyvinyl  chloride. 


proposed  in  this  report  (4  ft  high  x  8  ft  wide  made  up  of  a  composite  of 
1  in.  layers  of  WPG  totalling  8  in.  thick). 

A  mock-up  of  a  thin-valled  WPG  container  could  he  irradiated  at  a 
maximum  dose  rate  of  0.11  Mrad  /hr  for  a  total  residence  time  of  approxi¬ 
mately  l8  —  24  hr.  Temperatures  could  be  measured  at  various  points 
within  the  wood-plastic  array,  to  check,  empirically,  our  heat  generation 
calculations . 

Information  which  might  he  developed,  and  which  would  he  of  importance 
to  the  optimization  of  radiation  energy  utilization  in  a  production  facility, 
is  more  definitive  data  on  the  optimum  "shape"  of  the  energy  source  necessary 
to  fully  polymerize  a  spectrum  of  various  monomer-wood  formulations. 
Gommercial  Potential  and  Facilities 

Although  product  development  efforts  generally  fall  just  outside  of 
the  range  of  scope  of  USAEG  operations,  the  next  phase  of  product  develop¬ 
ment  effort  will  he  tied  closely  to  process  considerations.  For  this  reason 
the  pilot  plant  is  of  great  importance,  bracketing  both  areas  of  process 
and  product  development  simultaneously.  We  believe  that  efforts  toward 
the  commercialization  of  this  process  shovild  emphasize  the  great  difference 
between  wood-plastic  combinations  and  wood  or  plastics  in  themselves.  We 
have  recognized  a  tendency  by  potential  industrial  users  to  compare  the 
projected  cost  of  WPG  to  either  conventional  wood  or  plastic  materials.  The 
product  should  be  considered  as  a  different  material;  its  worth  should  only 
be  evalmted  on  this  basis. 

From  our  discussions  with  potential  industrial  users  of  WPG,  we  conclude 
that  the  construction  of  WPG  facilities  should  rest  for  the  most  part  with 
material  suppliers  rather  than  the  using  industry.  In  addition  to  more  or 
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less  standardized  configurations ^  such  as  sheets,  boards,  etc.,  which 
might  be  the  major  output  of  such  a  facility,  some  custom  irradiation 
of  specialty  items  will  be  required  to  simplify  the  blending  of  colors 
and  textures  of  WPG  materials  (perhaps  legs  and  trim  to  match  tops ) . 

Initially  one  of  the  largest  potential  applications  for  this  new 
material  may  be  the  fumitirre  industry.  Input  from  this  industry  clearly 
indicates  an  overv?helming  interest  in  veneer  or  laminated  type  materials 
rather  than  solid  WPG  materials  and  some  interest  in  solid  WG  for  end 
trim  and  legs.  We  believe  that  a  concerted  effort  should  be  directed 
toward  the  development  of  a  veneer  technology  using  V7PG  veneers,  perhaps 
l/8  in.  to  l/4  in.  thick.  This  wo-uld  involve  development  work  in  the 
bonding  of  WPG  laminates  to  wood-material  backings  such  as  plywood. 

The  market  potential  for  specialty  flooring  applications  appears 
excellent.  Specialty  applications  for  wood -plastic  composites,  such  as 
sporting  goods,  institutional  furniture,  boat  fittings,  knife  handles, 
salad  bowls,  etc.  also  show  good  marketing  promise. 

Information  from  ADL,  SIIIB,  and  direct  conversations  with  potential, 
industrial  users  indicates  a  rather  low  level  of  interest  in  the  structural 
properties  of  WPG.  The  physical  properties  of  the  materials  such  as  hard¬ 
ness,  abrasion  resistance,  mar  resistance, and  increased  dimensional  stabil¬ 
ity  are  of  major  importance  to  the  potential  user.  A  semi -product ion  sized 
pilot  plant  is  of  extreme  in^ortance  to  the  next  phase  of  market  development 
since  the  pilot  plant  would  be  capable  of  producing  sufficient  quantities 
of  material  to  satisfy  an  industrial  product  testing  program. 
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RADIATION  AND  ITS  COMMERCIAL  FUTURE 
Ernest  B.  Tremmel* 

ABSTRACT 

The  responsihilities  of  the  Division  of  Industrial 
Participation  of  the  U.  S.  Atomic  Energy  Commission  are 
described  and  include  the  functioning  as  a  focal  point  for 
industrial  inquiries  for  civilian  applications  of  nuclear 
energy.  Peaceful  applications  of  nuclear  energy  fall  into 
two  categories;  (l)  heat,  which  includes  electrical  power 
generation,  and  (2)  radiation  and  its  applications.  Two 
applications  that  have  been  developed  through  goveihiment 
programs  during  the  past  five  years  are  the  radiation 
preservation  of  food,  an  area  of  great  commercial  poten¬ 
tial,  and  wood-plastic  combinations  (WPC  ).  With  respect 
to  the  latter,  three  suggestions  are  presented:  (l)  WPC 
should  be  thought  of  as  new  products  rather  than  replace¬ 
ments  for  existing  products;  (2)  much  greater  effort  in 
product  imagination  and  in  development  of  new  markets 
needs  to  be  applied;  and  (3)  industry  should  accept  greater 
responsibility  in  finding  methods  of  getting  these 
materials  into  new  products  and  into  use.  The  timely 
transfer  of  government -developed  nuclear  technology  into 
the  private  sector  of  our  economy  is  stressed. 


1  am  very  pleased  to  have  this  opportunity  to  speak  at  this  informa¬ 
tion  meeting  on  Irradiated  wood  plastic  materials.  In  order  to  clarify  the 
relationship  of  our  Division  of  Industrial  Participation  to  the  Division  of 
Isotopes  Development,  who  has  sponsored  this  meeting  with  the  Atomic  Indus¬ 
trial  Forum,  I  would  like  to  briefly  ejqilain  the  responsibilities  of  our 
Division.  VJe  have  been  designated  within  the  Commission  to  act  as  the 
focal  point  for  industry;  in  other  words  companies  that  are  interested  in 
civilian  applications  of  nuclear  energy  can  contact  or  submit  their  inquiries 
to  o\ir  Division  and  we,  in  turn,  will  answer  their  inquiries  or  refer  them  to 
appropriate  people  within  the  AEC.  We  also  have  the  responsibility  of 

♦Director,  Division  of  Industrial  Participation,  U.S.A.E.C., 

Washington,  D.  C. 
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continually  examining  the  work  the  Commission  is  carrying  out  in  its  own 
facilities  vinder  its  operating  contractors  to  determine  when  it  is  timely 
for  this  work  to  he  moved  to  industry.  We  report  to  the  Commission  on  how 
successflil  the  program  of  transferring  developments  to  industry  has  been 
and  have  a  dixal  responsibility  with  our  Technical  Infoimation  Services  to 
carry  out  a  program  of  transferring  technology  of  non-nuclear  developments 
to  industry.  We  also  are  the  contact  for  the  states  and  communities  in 
regard  to  peaceful  applications  of  nuclear  energy. 

Our  program  in  the  AEC  on  irradiated  wood-plastic  materials  has 
been  of  particiilar  interest  to  me  not  only  from  a  technical  viewpoint,  but 
from  the  challenge  it  presents  in  developing  techniques  to  transfer  govern¬ 
ment-developed  technology  into  the  private  sector  of  our  economy.  One  can 
find  proponents  of  various  approaches  in  connection  with  these  types  of 
programs.  For  example,  some  people  feel  that  the  Government  needs  to  do 
lots  more  work  on  irradiated  wood  products  with  taxpayers*  dollars  if  we 
are  ever  going  to  get  the  private  sector  of  our  economy  to  utilize  this 
technology.  There  are  others  of  the  school  of  thought  that  if  the  Govern¬ 
ment  keeps  supporting  further  research  it  will  discourage  congjanies  from 
utilizing  the  technology  because  the  Government  research  will  develop  ad¬ 
vanced  technology  that  will  make  their  investments  obsolete.  I  believe 
that  the  Conimission,  as  a  Government  agency,  has  been  somewhat  unique 
and  also  successful  in  developing  technology  and  then  transferring  it  to 
the  commercial  sector  of  our  economy. 
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PEACEFUL  APPLICATIOKS  OF  HUCLEAR  ENERGY 

I  think  it  vould  he  appropriate  today  to  jxist  say  a  fev  words  about 
the  development  of  peaceful  applications  of  nuclear  energy  in  general  be¬ 
fore  I  discuss  specifically  the  areas  of  radiation  applications.  Nuclear 
energy,  of  course,  was  first  utilized  for  defense  purposes  and  in  the 
early  years  very  little  time  and  money  were  applied  to  peaceful  appli¬ 
cations.  This  has  gradtially  changed  and  I  believe  in  this  year's  budget 
we  have  reached  a  point  in  AEG ' s  existence  where  more  of  our  dollars  are 
being  applied  to  peaceful  applications  than  for  defense. 

Heat 

I  like  to  think  of  our  peaceful  applications  as  being  divided  into  a 
number  of  areas  and  I  like  to  think  of  the  applications  in  terms  of  heat 
and  radiation  which  are  really  the  basic  products  of  nuclear  energy.  In 
the  application  of  heat,  we  have  the  areas  of  civilian  power,  maritime, 
and  space  applications.  Also,  our  Plowshare  program  probably  belongs 
in  this  category,  involving  as  it  does  the  controlled  release  of  large 
quantities  of  energy.  The  other  major  area  of  application  is  the  use  of 
radiation,  whether  it  be  machine-generated  or  source -generated.  In  the 
area  of  civilian  power  (which  includes,  of  course,  desalting)  —  I  pick 
this  application  because  it  is  the  area  in  which  the  Commission  has 
probably  concentrated  the  most  —  I  believe  we  have  been  very  successful 
in  promoting  its  use  in  the  private  sector  of  our  economy.  The  last  few 
years  have  seen  the  use  of  nuclear  power  for  central  station  power  plants 
become  attractive  in  many  sections  of  our  country.  Last  year  at  Geneva, 
the  Commission  updated  its  estimates  of  the  growth  of  nuclear  power  from 
40,000  Mwe  installed  in  I980  to  60,000  -  90,000  Mwe  in  I98O.  The  General 
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Electric  Con^any,  one  of  the  large  suppliers  of  nuclear  power  plants, 
has  estimated  87,000  Mwe  installed  capacity  hy  I980. 

The  approach  we  have  followed  in  transferring  the  technology  from  our 
Government  laboratories  into  central,  nuclear  power  stations  has  "been  one 
that  we  have  called  our  Power  Demonstration  Reactor  Program.  Act-ually 
the  Government  first  built  ej^erimental  plants,  or  we  might  call  them  proof - 
of -principles  reactors,  in  o\ir  own  laboratories.  Following  this  stage,  we 
entered  into  demonstration  programs  with  utilities  and  manufacturers.  As 
a  result  of  this  program,  utilities  are  today  building  nuclear  power 
plants  without  Government  participation. 

Another  area  that  is  presently  attracting  considerable  attention  is 
the  use  of  reactors  for  propulsion  of  ships  in  our  maritime  program. 

There  has  been  considerable  discussion  as  to  the  best  method  to  transfer 
this  technology,  that  is  the  use  of  nuclear  power  in  our  civilian  mari¬ 
time  fleet.  This  last  year  has  been  particularly  interesting  because 
several  companies  have  strongly  stated  their  ability  and  intention  of 
quoting  fixed  prices  with  guaranteed  performance  for  civilian  maritime 
ships.  Others  have  felt  that  it  is  more  important  for  the  Government  to 
go  ahead  with  a  land-based  test  facility  to  assure  that  the  technology 
is  available  on  a  reliable,  safe,  and  economic  basis.  It  appears  that 
the  path  we  will  follow  on  this  program  will  be  to  endorse  both  approaches, 
that  is,  encourage  construction  of  reactors  and  direct  ship  application  as 
well  as  carry  out  a  strong  government  support  program. 

Since  the  use  of  nuclear  power  in  our  space  and  Plowshare  programs 
is  in  much  earlier  stages  of  development,  I  will  not  take  time  today  to 
discuss  them.  My  remarks  on  the  civilian  power  program  and  maritime 
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program  are  intended  to  stimulate  your  thinking  about  methods  of  moving 
technology  from  the  Government  laboratories  or  from  Government-sponsored 
research  into  the  commercial  sector  of  our  economy. 

Radiation 

The  commercial  use  of  ionizing  radiation  to  in^jrove  the  properties  of 
existing  products  and  catalyze  Ihe  synthesis  of  new  materials  has  been  sug¬ 
gested  and  studied  for  more  than  a  decade,  but  only  in  the  last  five  years 
has  tbe  potential  become  a  reality.  The  interaction  of  gamma  rays  and  high- 
energy  electrons  with  matter  can  catalyze  chemical  reactions,  change  the 
molecular  or  lattice  structure  of  solids,  and  kill  micro-organisms.  Each 
of  these  types  of  radiation  effects  has  been  utilized  by  industrial  firms 
to  manufacture  or  process  a  number  of  products,  and  many  companies  are 
conducting  experimental  programs  to  further  apply  the  beneficial  effects 
of  radiation  to  production  operations. 

Commercial  radiation  processing  has  grown  very  rapidly  from  virtually 
nothing  five  years  ago  to  an  annual  volume  of  Irradiated  products  with  an 
estimated  value  of  $20  million  in  19^2,  $75  million  in  19^3^  and  about  $100 
million  in  1964.  Radiation  is  used  by  industry  to  inprove  the  properties 
of  transistors  and  diodes,  to  crosslink  polyethylene  for  electrical  insu¬ 
lation  and  packaging  film,  to  catalyze  the  synthesis  of  ethyl  bromide,  and 
to  sterilize  surgical  sutures  and  other  medical  supplies.  These  radiation 
applications  have  resulted  in  many  products  sold  commercially,  but  there  is 
an  even  broader  spectrum  of  industrial  research  and  development  of  other 
irradiated  products  which  we  believe  will  eventually  appear  on  the  commercial 
market.  One  of  the  uses  of  ionizing  radiation  which  is  likely  to  become  a 
commercial  process  is  the  radiation-curing  of  paints  and  other  coatings. 
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Althou^  this  technique  has  "been  investi^ted  hy  a  number  of  industries, 
including  automohile  manufacturers,  the  first  coramer<Sial  use  will  probably 
be  the  curing  of  prefinished  interior  wood  paneling  by  electron-beam  ir¬ 
radiation. 

Although  the  development  of  process  radiation  is  today  being  carried 
out  to  a  considerable  extent  by  private  industry,  the  federal  government, 
of  course,  is  still  sponsoring  considerable  research  and  development  of 
this  technology.  One  such  area  is  the  production  of  composite  wood-plastic 
materials  by  radiation-induced  polymerization  of  monomers,  which  is  under 
discussion  today.  We  feel  this  is  one  of  the  most  promising  applications 
of  process  radiation  currently  being  investigated.  The  intensive  indus¬ 
trial  interest  in  this  process  is  certainly  apparent  with  the  attendance 
here  today,  as  well  as  at  many  other  information  meetings. 

Many  other  potentially  commercial  uses  of  ionizing  radiation  to 
process  or  synthesize  materials  are  being  investigated  under  contracts 
with  our  Division  of  Isotopes  Development. 

The  preservation  of  food  products  by  ionizing  radiation  is  another 
area  of  great  commercial  potential  that  is  presently  being  developed 
largely  through  government  programs  and  which  I  am  especially  enthixsed 
about.  Radiation  preservation  of  food  is  of  two  types:  sterilization  and 
paste\irization.  Radiation  sterilization  involves  relatively  high  radiation 
doses  and  permits  the  long-term  storage  of  the  product  at  room  temperature. 
It  is  of  primary  interest  to  the  military  for  the  preservation  of  rations, 
and  the  Army  has  conducted  and  is  continuing  an  extensive  program  on  the 
radiation  sterilization  of  ham,  pork,  chicken,  beef,  and  ether  meats. 
Radiation  pasteurization  prolongs  the  shelf  life  and  retards  the  spoilage 
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of  foods  under  normal  refrigeration,  and  this  type  of  radiation  processing 
has  the  greatest  commercial  potential.  The  Atomic  Energy  Commission  sup¬ 
ports  a  major  development  program  in  this  field,  with  main  eit5)hasis  on 
pasteurization  of  fruit  and  fish,  as  well  as  the  disinfestation  of  wheat 
and  other  grains.  Studies  of  the  economics  of  radiation  preservation  of 
food  indicate  costs  of  1  -  3  cents  per  pound  of  fish  and  1  cent  or  less 
per  pound  of  fruit  would  be  acceptable  to  the  producers  of  these  products. 
Radiation  costs  are  within  this  range. 

To  test  the  large  scale  application  of  radiation  to  reduce  spoilage 
in  fruits,  a  high-capacity  mobile  irradiator  will  be  operational  shortly 
and  will  initially  be  used  in  the  California  area.  Fruits  such  as  straw¬ 
berries,  peaches,  nectarines,  and  bananas  will  receive  emphasis.  Disinfesta¬ 
tion  of  grain  and  grain  products  will  be  possible  on  a  near-commercial 
scale  with  the  con^Jletion  of  the  Grain  Products  Irradiator  in  Savannah, 
Georgia,  late  this  year. 

The  process  radiation  field  has  been  growing  rapidly  and  prospects 
for  the  future  are  encouraging.  Because  the  field  is  so  new  in  a  commercial 
sense,  it  is  impossible  to  predict  the  sequence  or  magnitude  of  future 
radiation  applications,  but  potential  industrial  users  have  an  increasingly 
realistic  basis  for  evalmting  radiation  processing  through  the  experience 
of  existing  commercial  application. 

In  spite  of  any  of  our  successes  to  date  in  carrying  out  our  obliga¬ 
tions  under  the  Atomic  Energy  Act  to  develop  peaceful  applications  of 
nuclear  energy,  difficult  decisions  have  to  be  continually  made  by  our 
Commissioners  as  to  what  the  magnitude  of  the  Government  effort  should  be 
in  specific  areas.  How  far  should  we  carry  or  fund  technology  before 
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industry  will  utilize  it  in  the  commercial  sector?  How  long  should  we 
continue  a  research  and  development  program  before  terminating  our  support 
because  industry  is  not  exploiting  it?  These  are  difficult  questions, 
some  of  which  we  will  face  in  the  next  few  years  on  the  program  that  is 
the  subject  of  this  conference. 

There  are  a  number  of  steps  the  AEG  has  been  taking  in  the  last  few 
years  to  help  achieve  the  early  transfer  of  technology  into  use  in  the 
commercial  market.  We  have  in  the  past  several  years  increased  our  liaison 
with  industrial  associations  and  especially  with  the  Atomic  Industrial 
Forum.  This  meeting  today  is  an  excellent  example  of  the  important  contri¬ 
butions  an  organization  such  as  the  Forum  can  play  in  the  interchange  that 
must  take  place  between  the  Government  and  industry  if  we  are  to  success¬ 
fully  transfer  technology. 

In  the  last  year  the  AEG  has  expanded  oxir  Advisory  Gommittee  on 
Isotopes  and  Radiation  Development.  The  membership  of  this  Gommittee  has 
been  gradually  changed  over  the  past  year  to  bring  to  the  Gommittee  addi¬ 
tional  representatives  from  the  various  segments  of  the  radiation  indtistry. 

We  have  now  asked  the  Gommittee,  of  which  Mr.  John  Kuranz  is  pres¬ 
ently  Ghairman,  to  study  the  desirability  of  a  cooperative  demonstration 
program  for  selected  applications  of  process  radiation  in  which  industrial 
firms  would  make  a  substantial  contribution  as  a  next  major  important  step 
in  this  field. 

Recently  Dr.  Laughlin  M.  Gurrie,  then  Ghairman  of  the  AEG  Advisory 
Gommittee  on  Isotopes  and  Radiation  Development,  conducted  a  survey  for  the 
Goramission  to  determine  the  extent  of  industrial  development  of  isotopes 
and  radiation,  to  identify  factors  that  limited  their  use,  and  to  obtain 
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recommendations  on  how  AEG  might  better  help  this  portion  of  the  atomic 
energy  program.  The  report  was  subsequently  reviewed  and  approved  hy  the 
AEG  Advisory  Committee  and  has  been  submitted  to  the  Commission  for  consid¬ 
eration.  The  report  reflected  industry's  views  that  a  tremendous  potential 
exists  for  e:xpansion  of  routine  applications  of  isotopes  and  radiation. 

The  Commission  is  presently  studying  the  report  and  recommendations  to 
determine  how  the  findings  can  be  translated  into  policy  which  would  im¬ 
prove  prospects  for  the  further  expansion  of  industrial  applications  of 
radioisotopes  and  radiation.  Here  again  our  goal  is  not  only  to  encourage 
the  use  of  radiation,  but  also  to  assure  a  competitive  industry. 

Before  closing,  there  are  several  thoughts  I  would  like  to  leave 
with  this  audience.  First,  in  connection  with  this  conference  today  I 
would  like  to  suggest  that  in  the  future  we  think  of  wood-plastic  materials 
as  new  products  instead  of  as  replacements  for  existing  products.  I  was 
pleased  in  this  morning's  discussions  to  note  that  several  of  the  speakers 
had  already  taken  this  approach  and  were  emphasizing  new  products  for  the 
use  of  wood- plastic  materials. 

Second,  along  this  same  line  of  thought,  we  need  to  apply  a  much 
greater  effort  in  product  imagination  and  in  the  development  of  new  markets. 
This  is  an  area  where  I  think  industry  must  take  the  initiative  because  it 
is  not  the  normal  role  of  the  Government  to  promote  new  markets  or  market 
products.  Furthermore,  this  is  a  natural  role  for  industry  and  one  of  the 
areas  in  which  industry  is  best  suited. 

Third,  in  n^r  opinion,  the  time  has  come  for  industry  to  accept  a 
greater  responsibility  in  finding  methods  of  getting  these  materials  into 
new  products  and  into  use.  There  is  no  doubt  that  to  a  certain  extent 
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what  we  are  trying  to  do  is  to  force  a  new  technology  into  commercial  use. 

I  believe  the  Government’s  role  should  continue  to  be  at  about  the  same 
level  and  in  the  same  areas  as  it  has  been  in  the  last  year.  I  believe 
the  time  has  now  come  for  industry  to  take  on  the  challenge  of  building 
radiation  facilities  to  develop  their  own  products.  Industry's  views  and 
suggestions  should,  of  course,  continue  to  be  made  available  to  the  Govern¬ 
ment,  but  you  must  also  analyze  yotir  own  company's  role  to  asstxre  that  your 
goal  is  not  only  to  obtain  Government  research  and  development  dollars, 
but  that  your  main  efforts  are  directed  to  develop  a  commercial  market  for 
new  products  that  will  be  your  source  of  income  in  the  futiure  rather  than 
to  have  to  try  and  obtain  more  Government  dollars. 

I  am  very  pleased  to  be  here  today  and  particularly  iii:5)ressed  by 
the  interest  shown  at  this  conference  in  wood-plastic  mterials. 
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SUMMABY  REPORT  OF 

RADIATION  PROCESSED  WOOD-PLASTIC  MATERIALS 
Martin  H.  Stein 
ABSTRACT 

[a  new  family  of  wood-plastic  products  has  been  developed 
under  an  Atomic  Energy  Commission  program.  These  products,  which 
have  enhanced  physical  properties  and  yet  retain  the  esthetic 
appeal  and  other  desirable  characteristics  of  wood,  have  promise 
in  many  markets,  e.g., furniture,  floors,  sporting  goods,  window 
frames,  etc.  Preliminary  reports  indicate  that  a  production 
plant  with  a  3000  Ib/hr  —  8000  hr/year  capacity  could  produce 
wood -plastic  "blanks"  at  a  reasonable  cost.  The  Atomic  Energy 
Commission's  program  for  development  and  testing  of  wood -plastic 
combinations  is  also  described^ 


A  new  family  of  wood -plastic  products  has  been  developed  in  a  program 
sponsored  by  the  Atomic  Energy  Commission.  These  materials  offer  advan¬ 
tages  over  natiiral  wood  in  a  wide  variety  of  uses.  The  product  is  a  wood- 
plastic  combination  produced  by  impregnating  wood  with  a  monomer  (a  liquid 
plastic  such  as  methyl  methacrylate)  and  then  irradiating  the  composite 
with  gamma  rays  from  a  cobalt-60  soixrce.  The  radiation  polymerizes  the 
plastic  monomer  molecules  and  yields  a  solid  wood-plastic- combination  which 

1.  Is  harder  than  natural  wood  by  several  hundred  per  cent — 
thus  more  resistant  to  blows,  scratches,  etc. 

2.  Has  much  hi^er  con^jression  strength  and  abrasion  resistance. 

3.  Absorbs  moisture  more  slowly  and  therefore  has  more  dimensional 
stability  (resistance  to  warping  and  swelling) . 

k.  Has  much  improved  shear  and  static -bending  strength. 

5.  Retains  the  natural  wood  grain  and  color,  or  can  be  artificially 
colored  throughout. 

Chief,  Process  Radiation  Section,  Division  of  Isotopes 
Development,  U.  S.  Atomic  Energy  Commission,  Washington,  D.  C. 
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6.  Can  "be  sawed,  drilled,  tvirned,  and  sanded  with  conventional 
equipment,  giving  a  hard,  beautiful,  satin-smooth  finish. 

The  distinct  advantage  of  this  new  process  is  that  many  of  the 
properties  of  natural  wood  are  improved  without  sacrificing  the  wood’s 
important  characteristics,  including  esthetic  appeal. 

These  new  products  have  promise  in  these  and  other  markets; 

Furniture  (indoor  and  outdoor)  Decorative  trim 

Floors  Sporting  goods 

Window  frames,  sills,  and  doors  Boat  decks  and  trim 

Tool  handles  Dies  and  jigs 

Process  methods  for  the  wood-plastic  materials  have  been  steadily 
in5)roved  tinder  the  past  three-year  development  effort.  E3q)erience  with 
impregnation  techniques  using  various  monomers  (methyl  methacrylate,  vinyl 
acetate,  acrylonitrile,  styrene, and  vinyl  chloride),  radiation  doses,  and 
catalytic  additives  has  disclosed  several  innovations  having  economic 
significance. 

Preliminary  reports  indicate  that  a  production  plant,  designated 
to  produce  3^000  pounds  of  wood-plastic  material  per  hour  on  an  8,000  hour 
per  year  basis,  could  produce  wood-plastic  "blanks"  at  the  following  costs; 


UNFINISHED  PRODUCT  SHAPES  COSTS 

1.  Floor  tile  (9  x  9  x  inch,  each)  $  0.12 

2.  2-inch-diameter  cylindrical  shapes  0.25 

(linear  foot) 

3.  Shoe  lasts  (each)  O.jS 


4.  Salad  bowls  (l5-inch  diameter-  U-inch  0.57 
height,  each) 


5.  Bowling  pins  (each) 


0.88 
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Ttie  above  costs  were  based  on  a  hardwood  methyl  methacrylate 
compositions  0.7  lb  monomer  per  pound  of  wood.  All  costs,  excluding 
wood  and  product  fabrication,  have  "been  included. 

The  Atomic  Energy  Commission  has  been  broadening  its  program  on 
radiation  processed  wood-plastic  combinations  and  is  arranging  for  testing 
of  products  made  of  this  material. 

The  following  projects  have  been  or  are  being  supported  by  the  AEG: 

1.  A  basic  study  of  the  techniques  for  producing  wood -plastic  materials 
utilizing  radiation  is  continuing  at  West  Virginia  University. 

2.  A  market  utility  study  which  identifies  uses  for  the  new  material 
has  been  completed  by  Arthur  D.  Little,  Inc. 

3.  A  conceptual  design  and  analysis  study  to  design  a  pilot  plant  and 
analyze  processing  parameters  is  being  prepared  by  Vitro  Engineering 
Company. 

h,  A  materials  evalmtion  program  designed  to  test  the  materials  for 

mechanical  and  chemical  properties  is  being  conducted  by  the  Research 
Triangle  Institute. 

5.  Three  Regional  studies  are  being  made  to  determine  steps  which  would 
lead  to  the  commercialization  of  the  process.  These  are 

a.  Southeastern  United  States— with  special  reference  to  the  Appa¬ 
lachian  Region  by  the  Southern  Interstate  Nuclear  Board. 

b.  Northwestern  United  States  and  Great  Lakes  Region  by  the  Pacific 
Northwest  Laboratory— Battelle  Memorial  Institute. 

c.  Northeastern  United  States,  including  New  England  and  the  New  York, 
New  Jersey,  and  Pennsylvania  area  by  the  Western  New  York  Nuclear 


Research  Center. 
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6.  A  program  to  have  industrial  wood-product  firms  evaluate  wood-plastic 
material  in  final  product  form  is  "being  conducted  "by  the  Lockheed- 
Georgia  Company. 

Several  AEG  research  reports  listed  "below  are  now  available  from  the 
Clearinghouse  for  Federal  Scientific  and  Technical  Information,  National 
Bureau  of  Standards,  U.  S.  Department  of  Commerce,  Springfield,  "Virginia, 
except  where  noted. 
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POTEMTIAL  APPLICATIONS  OF  IRRWDIATED 
WOOD -PLASTIC  MATERIAIS 
Buford  B.  Ruhl* 

ABSTRACT 

(^e  objectives  of  the  Southern  Interstate  Nuclear  Board — 

(SIN^  Wood-Plastic  Combinations  (WPC)  project  were  to  (l)  define 
the  steps  necessary  to  achieve  commercialization  of  the  VffC  process 
and  (2)  evaluate  selected  sites  suitable  for  WPC  facilities  in  the  SINB 
region,  with  specific  reference  to  the  Appalachian  area^  A  multi¬ 
tude  of  technical,  mantifacturiog,  and  marketing  questions  still 
remain  unansweredj  therefore, Cfurther  study  of  WPC  is  required  before 
commercialization.  Three  specific  actions  were  proposed  to  provide 
additional  data  and  technology;  (a)  establishment  of  an  AEC  research 
laboratory  far  WPC;  (b)  continued  direct  support  to  private  industry 
and  universitites  for  development  contributions  to  the  WPC  process; 
and  (c)  initiation  of  specialized  conferences  to  provide  companies 
with  information  on  how  to  get  into  the  business  of  WPC  production^ 
Further  support  of  WPC  development  at  this  time  by  Division  of 
Isotopes  Development  (DID)  must  not  be  construed  as  government  inter¬ 
ference  with  private  enterprise;  to  the  contrary,  failure  of  DID 
participation  in  the  WPC  program  constitutes  a  negative  Interference, 
and  the  WPC  concept  would  probably  die  for  want  of  support. 


Mr.  Bob  Gifford,  Executive  Director  of  the  Southern  Interstate 
Nuclear  Board  (SINB) ,  asked  me  to  make  this  presentation  because  I  happened 
to  be  project  director  of  the  Wood-Plastic-combinations  (WPC)  contract  while 
in  the  position  of  SINB  Deputy  Director.  He  is  unable  to  be  here  today  be¬ 
cause  he  is  presenting  the  SINB  aiuiual  program  to  the  Southern  Governors’ 
Conference . 

Objectives  of  the  project  were  (l)  to  define  steps  necessary  to  achieve 
commercialization  of  the  WPC  process  and  (2)  to  evaluate  select  sites  in  the 
SINB  region, with  specific  reference  to  the  Appalachian  area, suitable  for  WPC 
facilities.  This  region  of  project  interest  encompasses  the  seventeen  states 
located  in  the  southeastern  part  of  the  country;  this  is  a  very  large  territory. 

President,  Pan  American  Consulting  Corporation,  Atlanta,  Georgia, 
and  Deputy  Director  of  the  Southern  Interstate  Nuclear  Board  (SINB). 
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In  the  coxirse  of  project  activities,  we  held  several  meetings  on 
the  subject  at  various  locations,  and  these  involved  more  than  two  thou¬ 
sand  people  from  state-government  agencies,  universities,  wood  industries, 
chemical  industries,  and  allied-product  industries.  The  most  knowledgeable 
and  dedicated  attendees  to  these  meetings  were  called  upon  to  serve  the 
project  as  consultants,  to  make  recommendations  on  technical  aspects,  and 
to  present  findings  in  line  with  the  project  objectives  and  scope  of  work. 

A  final  project  meeting  was  held  July  20,  I965  in.  Washington,  D.  C., 
where  eight  of  the  consxiltants  presented  their  conclusions  of  the  five- 
month  study.  These  presentations  are  now  being  organized  into  a  final 
report  to  be  sent  within  the  next  few  weeks  to  the  AEG  for  review. 

The  attempt  to  study  the  commercialization  of  WPG  assumed  unusual 
proportions.  At  the  outset  we  approached  the  subject  through  the  back 
door,  moving  to  commercialize  the  new  materials  throu^  user  industries, 
and  then  studied  the  results  of  our  efforts.  This  confronted  us  with  a 
multitude  of  technical,  manufacturing,  and  marketing  questions.  Attempts 
to  solve,  resolve,  or  avoid  these  questions  continued  through  the  period 
of  project  activities.  Many  questions  remain  iinanswered  and  I  am  sure 
that  they  were  not  all  answered  today.  Therefore,  much  remains  to  be 
studied  about  WPG  before  specific  commercial  applications  will  be  put  on 
the  market. 

On  the  other  hand,  the  summarization  of  results  from  the  SINB 
project  shoTild  prove  to  be  a  significant  contribution  to  the  AEG  program 
of  WPG  development.  The  findings  should  provoke  a  substantial  movement 
toward  detailed  study  of  many  potential  product  applications.  I  believe 
that,  with  continued  and  expanded  support  by  the  AEG,  commercial 
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investments  and  consvimer  benefits  will  come  forth  in  great  abxmdance  in 
a  short  time. 

The  project  director  focused  his  attention  on  the  scope  of  work 
and  daily  routine  while  Mr.  Gifford  carried  forward  the  many  other  functions 
of  SINB  and  maintained  a  supervisory  interest  in  project  activities.  This 
enabled  him  to  see  the  broad  implications  and  impact  which  the  commercial¬ 
ization  of  WPG  could  mean  to  the  region  and  the  country.  He  was  in  a 
position  to  anticipate  the  overall  needs  of  a  national  program  from  a  more 
objective  point  of  view. 

In  light  of  this,  he  sent  a  monorandxm  to  Mr.  Gene  Fowler,  Chief 
of  the  AEG  Division  of  Isotopes  Development,  dated  August  25,  I965.  He 
asked  me  to  read  it  to  you  today.  The  memorandum  includes  obseD^vations 
and  recommendations,  but  does  not  represent  his  final  judgement  or  long- 
range  conclusions  on  the  subjects  discussed. 

This  memorandum  will  comfirm  certain  points  offered  for  your 
consideration  during  our  discussion  in  Washington  on  August  k,  I965. 
General 

One  must  approach  the  continuation  of  efforts  at  commercial¬ 
ization  of  WPG  on  the  supposition  that  the  Atomic  Energy  Commission 
and  others  concerned  have  a  strong  conviction  as  to  the  value 
and  potential  of  the  process.  The  Southern  Interstate  Nuclear 
Board  shares  this  conviction,  predicated,  in  large  measure,  on 
reactions  and  experiences  evaluated  in  the  course  of  the  recent 
study  completed  for  the  AEG. 

This  is  a  significant  point  since  the  action  of  the  Atomic 
Energy  Commission  and  the  SINB  has  generated  a  great  deal  of 
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enthusiasm.  This  enthusiasm  has  developed  to  the  extent  of 
causing  certain  industries  and  groups  to  organize  themselves 
for  the  purpose  of  launching  immediate  commercial  ventiires. 

I  feel  intuitively  that  some  of  the  action  and  intended 
action  of  these  groups  is  predicated  on  a  belief  that  the  national 
effort  will  continue  to  provide  improved  and  more  reliable  data 
in  engineering,  marketing,  product  performance,  economics, 
processing,  etc.  This  is  not  to  suggest  that  the  process  is 
unsoixnd  at  this  juncture,  but  rather  to  point  out  that  there 
are  many  answers  yet  to  be  gained  before  we  can  talk  in  terms 
of  guaranteed  performance  and  product  integrity. 

The  v;ork  that  preceeded  the  study  by  the  Southern  Inter¬ 
state  Nuclear  Board  was  restricted  to  laboratory  scale;  consequently, 
it  -was  necessary  to  promote  the  development  of  certain  products 
to  gain  some  insight  into  the  commercialization  potentials  and 
also  to  precipitate  actions  within  the  industrial  community 
to  cause  private  investigations.  We  feel  that  there  is  a  definite 
market  potential  and  observe  that  the  AEG  has  spent  many  more 
dollars  and  considerably  more  time  on  other  commercial  concepts 
which  offered  less  promise  of  success . 

As  a  matter  of  general  philosophy,  I  favor  the  removal  of 
government  from  private  industry  fields  at  every  opportunity  and 
to  the  greatest  extent  possible.  However,  in  the  matter  of  WPG, 

I  am  of  the  strong  belief  that  the  Federal  Government  will  have 
to  become  more  deeply  involved  before  sufficient  data  and  technology 
are  available  for  private  industry — and  particularly  small  industry — 
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to  move  forward  with  a  standard  commercial  justification  and 
soundness.  In  this  context,  I  propose  three  specific  actions. 

AEC  Kesearch  Laboratory  for  WPG 

This  laboratory  should  consider  concurrently  the  many 
processes,  products,  disciplines,  and  conditions  for  production 
of  quality  wood -plastic  products.  It  should  be  recognized  that 
while  the  work  of  Dr.  James  Kent  ivas  of  immeasurable  value  in 
projecting  WPG,  the  continued  expansion  of  his  operation  woixLd 
not  lend  itself  to  the  kind  of  multiple  investigations  necessary. 

Most  of  the  work  done  to  date  has  been  with  methyl  methacry¬ 
late  and  with  limited  tests  on  loading,  radiation  exposure,  and 
treatment  technique.  There  are  some  serious  questions  to  be 
answered  about  the  other  polyesters,  the  potentials  of  irradiators 
and  accelerators,  as  well  as  adaptability  of  the  process  to  surface 
treatment  and  controlled  loadings. 

I  feel  that  establishment  of  a  federal  installation  would 
best  serve  American  industry  because  the  findings  within  this 
installation  coxHd  be  considered  public  property,  hence  in  the 
public  domain,  and  make  possible  future  activities  by  companies 
not  financially  or  technically  endowed  to  carry  out  extensive 
miiltiptirpose  research  and  development  programs  of  their  own. 

The  absence  of  such  informtion  would  leave  the  destiny  of 
WPG  development  in  the  hands  of  a  few  extremely  large  corpora¬ 
tions  which  would  set  their  own  time  schedule,  recognizing  that 
competition  in  the  field  was  limited.  At  the  same  time,  it 
would  be  possible  for  large,  private  industry  to  proceed  with 
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any  degree  of  acceleration  desired  in  developing  products,  processes, 
etc.  The  tvo  approaches  are  not  mutually  exclusive.  There  is  a 
precedent.  During  the  extended  period  when  the  AEG  was  developing 
power  reactors,  private  companies  such  as  General  Electric  and 
Westinghouse  were  acting  independently  in  developing  concepts  of 
their  cnm  and,  in  fact,  were  selling  reactors  commercially. 

For  exait5)le,  if  the  ASC  had  removed  itself  from  the  power 
field  at  the  same  point,  comparatively  speaking,  as  we  now  stand 
in  the  WPG  area,  there  would  have  been  no  federal  reactor  devel¬ 
opment  for  power  beyond  the  basic  graphite  or  water-moderated 
reactors.  It  has  just  been  within  the  last  year  that  nuclear 
power,  at  a  competitive  rate  of  approximately  4  mils/kwhr, 
has  been  established  in  the  Oyster  Bay  program.  This  occurred 
after  about  11  major  reactor  concepts  had  been  explored. 

I  feel  that  the  WPG  research  laboratory  might  properly  be 
placed  at  the  Savannah  River  or  Oak  Ridge  facilities  of  the 
AEG,  thereby  drawing  on  the  use  of  vacant  space,  technical  per¬ 
sonnel  potentially  subject  to  cutback,  and  the  multiple  resources 
these  installations  can  offer.  This  facility  should  be  strictly 
a  research  and  development  operation  with  no  production  schedules. 
The  only  activity  relating  to  production  would  perhaps  be  the 
laboratory- scale  treatment  of  certain  special  wood -plastic  combin¬ 
ations  and  certain  special  products  offered  for  testing  by  private 
companies.  It  would  be  possible  for  private  organizations  to 
draw  on  the  data  developed  at  this  installation  and  made  available 
for  their  use.  Private  organizations  could  then  further  refine 


a  process  or  a  product  that  might  lead  to  a  patented  or  trade- 
name  item. 

Private  Industries  and  Universities 

I  feel  that  the  Commission  should  continue  its  direct  support 
to  private  industry  and  university  groups  with  a  demonstrated 
capability  for  development  contributions  to  the  WPG  process. 

This  woTold  assure  that  the  total  investigation  would  receive 
the  benefit  of  capabilities  and  varying  points  of  view  only  pri¬ 
vate  industry  and  university  sources  can  provide. 

Specialized  Conferences 

There  is  an  increasing  number  of  companies  and  specially 
formed  groups  seeking  definitive  information  on  how  to  get  in 
the  business  of  WPC  production.  It  is  not  practical  for  a  group 
or  a  company  to  take  a  patent  lawyer,  a  design  engineer,  a  comp¬ 
troller,  a  marketing  specialist,  a  top  management  representative, 
a  chemist,  etc.  to  Washington  to  get  the  broad  spectrum  of 
answers  required.  It  is  suggested  that  a  task  force  of  specially 
selected  persons  able  to  speak  on  these  many  points  be  established 
for  visitation  with  these  interested  groups.  By  careful  scheduling 
and  planning,  it  would  be  possible  for  this  task  force  to  do  some 
"circuit  riding"  and  consult  with  a  number  of  interested  companies 
in  a  short  time. 

Summary 

In  closing,  may  I  express  the  feeling  that  the  future  markets 
and  the  questions  of  economics  can  best  be  handled  by  the  individxxal 
con^nies,  but  they  will  not  be  able  to  make  early  judgement  on 
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these  important  mtters  or  on  matters  of  cost  for  equipment, 
production,  or  operations  -without  the  benefit  of  more  meaningful 
technology  and  better  defined  processes. 

We  are  pleased  to  make  these  vie-ws  available  for  your  consid¬ 
eration.  I  shall  be  glad  to  elaborate  on  any  points  briefly 
covered  in  this  memorandum  and  enunciate  specific  reactions  from 
industries  and  other  groups  -which  serve  to  substantiate  the  posi¬ 
tions  reflected  here. 

I  shall  look  forward  to  hearing  from  you  with  respect  to  the 
course  taken  by  the  Atomic  Energy  Commission  in  pursing  this 
iti5>ortant  area  of  industrial  interest. 

If  I  can  in5)ose  a  little  further  on  your  time,  I  want  to  add  a  few 
observations  from  my  eixperience  as  project  director. 

Looking  back  a  few  months  to  the  inception  of  the  VJPC  project,  it 
is  apparent  that  we  now  have  a  better  unders-tanding  of  the  material  charac¬ 
teristics,  the  processes  of  WPG  production,  the  implications  of  product 
manufacturing,  and  the  potential  for  commercialization.  But,  turning 
aro-und  to  look  ahead  to  the  requirements  of  actual  commercialization  for 
any  nxmiber  of  Ti-JPC  products  in  the  competitive  market  place,  we  see  that 
only  a  short  step  has  been  taken  in  the  ri^t  direction. 

Before  commercialization  becomes  a  reality,  a  series  of  specific 
products  or  items  must  be  proven  on  the  production  line.  Consumer  accep¬ 
tance  of  the  material  characteristics  and  pricing  must  be  established  on 
a  demonstiated  basis.  For  each  product  thus  evaluated,  there  will  be 
different  standards  and  procedures.  The  remaining  work  must  be  much 
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more  detailed  and  pointed  toward  individual  product  types,  and  it  will  be 
tedious  to  perform.  Yet,  I  believe  the  information  gained  to  date  and 
the  potential  rewards  of  success  will  encourage  the  necessary  action  of 
the  AEG  and  the  user  industries. 

The  WC  process  can  involve  many  species  of  wood,  each  combined 
with  one  of  a  variety  of  plastics  to  form  thousands  of  new  alloy  materials. 

Each  new  material  represents  a  different  set  of  properties  with  possible 
applications  for  several  industrial  products.  Adding  the  factors  of 
density  loadings  and  color  schemes  to  the  process,  the  alternatives  of 
WPG  reach  a  staggering  number. 

Technical  areas  needing  refinement  are  the  material  strength, 
stability,  heat  and  electricity  transfer  properties,  color  or  staining 
chamcteristics,  heat  bending,  production  forming,  waste  materials  use, 
techniques  of  plastic  Im^jregnation,  production  costs  per  material  type, 
and  resistance  to  fire,  chemicals,  abrasion,  insects,  weather,  etc.  This 
list  coxxld  be  expanded  to  almost  infinite  proportioiB  if  one  considers 
the  vast  number  of  product  alternatives.  The  considerations  are  greatly 
reduced,  however,  in  the  evaluation  of  a  single  product. 

We  speak  to  you  today  as  industrialists,  hoping  you  will  consider 
the  potential  use  of  this  new  type  material.  Reference  is  being  made  to 
all  its  characteristics  and  to  eQ.1  industrial  interests  of  the  nation. 

But,  for  your  own  sake,  I  suggest  that  you  look  at  the  WPG  material 
from  a  strictly  selfish  point  of  view— to  your  own  con^ny  products. 

Please  do  not  be  complacent,  like  so  many  industries  are  when  new  technology 
is  made  available.  Simply  review  today's  infomnation  back  at  the  plant; 
then  descend  upon  the  AEG,  or  appropriate  private  and  public  organizations 
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to  help  yoiir  company  adapt  to  use  the  material.  Frankly,  I  believe  the 
best  product  to  come  from  WPG  will  be  dollar  profits  to  industry.  That 
will  be  sufficient  to  inspire  other  good  things  for  society. 

Two  sources  of  radiation  were  considered  in  this  project  —  isotopes 
and  machines.  The  isotopes  are  lasting  and  continuous  sources  which  per¬ 
form  24  hours  per  day  with  predictable  cost  factors  and  are  capable  of 
irradiating  material  in  depth.  Machines  are  flexible,  turn  on  and  off 
conveniently,  and  are  mobile;  however,  they  penetrate  only  to  limited 
depths,  and  thus  they  will  probably  be  used  only  for  surface  coatings  or 
thin  veneers.  For  OTG  the  two  soiirce  devices  are  commercially  compatible 
and  mutmlly  productive  within  their  designed  capabilities.  The  choice 
depends  on  the  radiation  characteristics  required,  processing  costs,  and 
product  standards  needed  in  particular  applications. 

Site  consideration  for  WPG  production  facilities  should  be  realistic. 
Suppose  the  materials  prove  useful  to  American  industry,  and  I  believe  they 
will  in  the  very  near  future.  A  multi-purpose  plant  to  produce  a  variety 
of  WPG  materials  of  nonuniform  dimensions  would  be  justified  in  several 
locations,  wherever  a  concentration  of  wood -product  industries  is  located 
or  a  new  industrial  park  co^^ld  be  established.  Special  industrial  WPG 
production  plants  to  fit  the  needs  of  a  given  industry  would  obviously  be 
located  where  local  demand  woxild  justify  the  investment,  e.g.  High  Point, 
Worth  Garolina  for  the  furniture  industry.  Single -product  plants  with 
limited  flexibility  can  readily  be  justified  by  an  individtial  manufactviring 
company,  since  the  relative  costs  of  investment  and  production  are  reduced 
by  the  simplicity  of  design  and  operation. 

Where  do  we  go  from  here?  Many  remaining  studies  and  testing  pro¬ 
jects  have  been  indicated  in  the  presentations  today,  and  we  should 


proceed  with  them  without  needless  delay  or  wasted  efforts .  Industry 
should  get  into  the  action  so  that  the  initiative  developed  this  far  will 
not  falter  and  fade. 

The  AEG  should  increase  its  support  and  encouragement  of  this  work; 
it  introduced  I'JPC  and  presently  represents  the  focal  point  of  technical 
and  commercial  understanding.  Potential  producers  of  OTC  should  use  their 
resources  and  testing  facilities  to  evaluate  product  applications  which 
have  a  value  to  their  companies.  Pilot  and  commercial  WO  production 
plants  are  \jrgently  needed  to  provide  the  materials  required  for  product 
evaluation,  limited  manufacturing,  and  market  testing.  These  materials 
shovild  he  available  at  reasonable  prices  on  a  time  schedule  that  will  not 
inhibit  interest. 

The  Pan  American  Consulting  Corporation  is  very  much  interested  in 
the  field  of  V?PC  and  is  as  much  non-government  oriented  as  any  company  in 
the  country.  The  Southern  Interstate  Nuclear  Board,  I  believe,  has  served 
the  best  interests  of  private  enterprise  in  its  particular  assignments  as 
any  equivalent  organization  in  the  country.  These  matters  can  certainly 
not  be  the  basis  of  any  logical  disagreement. 

Althoiagh  Federal  Government  interference  with  private  enterprise  is 
always  a  popular  subject  for  discussion,  any  charge  that  the  AEC  Division 
of  Isotopes  Development  (DID)  would  interfere  with  private  enterprise  by 
further  involvement  in  ¥PC  stretches  the  imagination  beyond  reason.  The 
relative  size  of  the  DID  program,  with  all  stops  pulled,  is  incidental  com¬ 
pared  to  even  a  partial  impact  of  WPG  in  the  Nation's  wood-products 
industries.  On  the  other  hand,  if  the  DID  fails  to  continue  and  increase 
its  participation  in  the  WPG  program,  its  lack  of  action  wotxld  constitute 
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a  negative  interference  since  the  concept  will  certainly  languish  and  prob¬ 
ably  die  for  want  of  direction  and  support. 

WPG  have  only  recently  been  introduced  to  the  industrial  interests  of 
the  country,  and  for  their  most  casual  consideration.  Many  technical  and 
commercial  questions  remain  unanswered.  User  industries  will  not  move  alone 
under  these  conditions  to  make  the  necessary  determinations  for  commercial¬ 
ization  of  the  OTC  concept.  A  restriction  or  failure  to  expand  the  DID 
program  of  WPG  would,  in  fact,  represent  a  neglect  of  the  assigned  responsi¬ 
bilities,  especially  since  considerable  public  funds  have  been  spent  to 
develop  the  technology  and  nurture  the  commercial  interests. 

Today,  WPG  promise  a  bountiful  business  opportunity  for  many  qmrters 
of  private  enterprise;  hopefully  even  medium  and  small  companies  will  share 
in  the  benefits.  Those  of  us  already  familiar  with  the  ramifications  and 
technology  of  WPG  have  a  chance  to  exploit  this  firsthand  knowledge.  But, 
this  timing  advantage  does  not  carry  with  it  any  proprietary  rights  to  the 
information  available  or  any  guarantee  of  business  success  in  the  field. 
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IKEIADIATED  WOOD-PLASTIC  MATERIALS  —  COMfflRCIAL  POSSIBILITIES 
IN  THE  PACIFIC  NORTHWEST  (AND  THE  GREAT  LAKES  REGION) 

C.  A,  Rohrmann* 

ABSTRACT 

(jQne  of  the  objectives  of  a  study  being  conducted  by 
Battelle-Northwest  is  the  investigation  of  the  commercial 
possibilities  of  the  irradiated  wood  plastics  in  the  Pacific 
Northwest  and  Great  Lakes  regions.  In  this  investigation 
many  wood  processors  were  contacted  and  made  aware  of  properties, 
production  methods,  and  cost  of  wood-plastic  combinations  (WPC). 
The  potential  applications  of  interest  include  flooring  of  many 
types,  furniture,  veneers,  and  plywood  shapes.  The  properties 
of  WPC  are  well  suited  to  these  uses  and  many  of  the  processors 
showed  genuine  interest  in  the  new  product  and  its  manufacture^ 
As  a  result  of  a  recent  price  reduction  announced  by  the  USAEC, 
the  use  of  ■^'Cs  as  the  radioactive  source  is  suggested  for 
consideration  in  the  design  of  future  WPC  irradiation  facilities. 


This  is  a  report  on  part  of  a  broader  study,  still  in  progress  (as 
of  October  1,  I965),  being  conducted  by  Battelle-Northwest  at  Richland, 
Washington,  for  the  Atomic  Energy  Commission.  It  has  as  one  of  its  objec¬ 
tives  the  investigation  of  the  commercial  possibilities  of  the  irradiated 
wood -plastic  materials  in  the  Pacific  Northwest  and  Great  Lakes  regions. 

The  process  vlsxialized  from  the  work  by  Dr.  Kent  at  West  Virginia  University, 
the  study  by  Arthvir  D.  Little,  Inc.,  and  the  pilot-plant  design  and  analysis 
by  Vitro  Engineering  was  used  as  a  basis  for  the  study.  This  process  in¬ 
volves  impregnating  a  suitable  wood  specie  with  acrylate  monomers  and  irrad¬ 
iating  the  combination  with  a  ^mma  source  to  polymerize  the  monomer  within 
the  wood.  No  research,  development,  or  laboratory  work  was  intended  under 
this  contract. 

The  procedure  for  the  study  in  the  designated  geographic  area  in¬ 
volved  the  selecting  and  interviewing  of  representatives  of  companies 

^Chemistry  Department,  Battelle-Northwest,  Battelle  Memorial  Insti¬ 
tute,  Pacific  Northwest  Laboratory,  Richland,  V7ashington. 
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concerned  with  lumber,  wood  products,  wood  use,  polymer  chemistry,  and 
radiation-source  preparation.  All  companies  selected  had  backgrounds 
and  capabilities  in  wood  technology.  We  are  confident  that  the  sample 
was  representative  and  technically  adequate. 

In  our  contacts  with  these  organizations,  we  reviewed  potential 
products  and  the  properties  which  make  irradiated  wood-plastic  materials 
attractive  and  also  discussed  the  present  status  and  problems  in  the 
production  of  these  materials.  In  this  area  we  discussed  the  most  recent 
information  on  costs  including  its  relevance  to  competitive  materials, 
the  limitations  of  the  process  with  respect  to  wood  species  and  bulk 
dimensions,  the  problem  of  monomer  depletion  at  the  surface,  and  the  status 
of  test  data  on  dimensional  stability  under  practical  conditions  of  use, 
maintenance,  and  weatherability.  To  avoid  monomer  waste,  treatment  of 
pre-shaped  pieces  at  the  site  of  the  new  impregnation  and  irradiation 
facility  wovild  probably  be  require<^  and  the  possible  effects  that  this 
treatment  of  shaped  pieces  rather  than  Ivimber  blanks  might  have  on  the 
manufacturing  process  or  the  user  processes  were  discuissed.  The  extension 
of  process  improvement  studies  to  include  veneers  and  plywood,  the  develop¬ 
ment  of  modifications  which  would  involve  cross-linking  or  grafting  of 
the  polymer  to  the  wood  cellulose,  and  the  inclusion  of  fire  retardancy 
properties  were  suggested  in  the  course  of  these  contacts. 

Throxi^out  these  contacts  a  wide  range  of  interest  was  noted,  from 
none,  particularly  among  those  companies  whose  activities  were  essentially 
limited  to  lumber  production,  to  very  high  in  companies  that  had  research 
and  development  on  irradiated  wood-plastic  materials  already  underway  for 
their  own  proprietary  uses.  Among  nearly  all  of  the  companies  contacted 
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there  was  a  generally  gratifying  willingness  to  discuss  the  whole  area 
of  application  and  the  specific  potential  uses  of  irradiated  wood-plastic 
combinations  as  it  mi^t  apply  to  their  "business. 

The  applications  of  special  interest  on  which  the  study  centered 
included  flooring  of  various  kinds,  e.g.,that  for  homes,  gymnasiiims, 
boats  (decking),  exteriors,  box  cars  (to  replace  i)i5)orted  floor  woods), 
and  institutions  where  low  maintenance,  decorativeness,  or  appearances 
may  be  important;  a  variety  of  fxirniture;  and  decorative  applications 
with  emphasis  on  veneers  and  nearly  finished  plywood  shapes.  All  of  these 
applications  use  to  advantage  the  improved  hardness  and  dtirability, 
minimum  or  reduced  maintenance,  and,  probably  the  most  important,  the 
in-depth  finish  textirre  and  appearance  of  fine  woods.  Because  of  costs 
and  lack  of  emphasis  on  appearance,  the  use  of  irradiated  wood-plastic 
materials  for  bulky  structtiral  uses  was  not  considered. 

Except  for  flooring  and  veneers  it  appears  unlikely  that  the  commer¬ 
cial  potential  in  the  near  future  could  Justify  the  establishment  of  an 
impregnation  and  irradiation  facility  by  a  lumber  producer  or  processed 
wood  user.  However,  the  potential  of  a  multi -product  processing  business 
serving  a  group  of  customers  would  probably  be  large  enough  to  Justify  such 
a  facility.  The  magnitude  of  the  flooring  and  veneer  (plywood)  business  is 
so  great  that  even  a  small  fraction  of  the  total,  if  converted  to  irradiated 
wood-plastic  production,  appears  to  Justify  the  cost  of  an  impregnation  and 
irradiation  facility.  Certainly  there  is  sufficient  Justification  for 
further  development  leading  to  commercialization. 
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For  some  special  products  for  the  furniture  industry,  the  large 
losses  of  monomer  incurred  in  the  shaping  or  forming  of  processed  wood 
strongly  suggests  the  treatment  of  pre-shaped  pieces.  For  some  operators 
this  would  prohahly  entail  a  substantial  change  in  the  present  business 
arrangonents —introducing  another  agent  into  the  total  process.  This  agent 
would  be  required  to  provide  this  new  service  with  efficiency  to  maintain 
acceptable  economics. 

Veneers  (and  plywood)  of  WPC  are  of  great  interest  even  with  the 
inherent  costs  of  the  monomers  and  the  treatment  process.  High-quality 
veneers  converted  to  products  of  greatly  improved  hardness  or  durability 
can  probably  absorb  the  higher  production  cost;  this  cost  may  range  from 
10  to  20  cents  per  square  foot.  Because  of  the  insufficient  data  there 
are  uncertainties  in  monomer  loading  and  processing  costs  for  veneers. 

Dr.  Kent's  work^  on  the  lower-vapor-presstire  monomers  greatly  enhances 
the  favorable  prospects  for  a  practical  process  for  veneers  by  the  avoidance 
of  sxirface  depletion  of  the  monomer. 

Several  industries  showed  a  strong  general  willingness  to  give  consid¬ 
eration  to  joint  participation  in  further  developments  leading  to  commer¬ 
cialization  but  expressed  concern  over  the  ways  of  maintaining  proprietary 
interests  in  such  arrangements.  Althoxigh  there  could  be  no  commitment  from 
these  discussions,  the  expressions  of  interest  are  regarded  as  significant 
and  shovild  be  of  assistance  to  the  AEG  in  formulating  further  actions  relat¬ 
ing  to  a  pilot  or  semicommercial  production  facility. 

There  was  some  interest  in  essentially  all  related  wood  industries, 
but  the  least  interest  shown  was  among  the  basic  lumber  producers;  it  is 
concluded  that  WC  would  constitute  too  small  an  extension  of  their  present 
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activities  to  Justify  consideration.  The  interested  companies  are  strongly 
conscious  of  cost  and  qualityj  hence  these  are  areas  where  much  more  data 
need  to  be  provided,  especially  for  veneer  and  plywood  products.  Interest 
in  a  few  cases  involves  proprietary  matters.  There  is  general  desire  of 
industries  to  be  kept  informed  of  recent  developments. 

To  date,  en^jhasis  has  been  on  ^^Co  as  the  iriadiation  source;  however, 

recent  announcements  by  the  AEG  concerning  isotope  pricing  in  view  of 

Isochem's  activities  at  the  Hanford  plant  strongly  suggests  that 

should  be  considered  as  ein  alternative  to  ^Co.  The  quoted  price  for 
187 

encapsulated  -^'Cs  to  be  produced  in  a  private  plant  appears  to  have  been 
set  to  be  competitive  with  ^Co  produced  in  government -operated  facilities. 
Cesium-137  should  therefore  be  strongly  considered  in  the  design  of  any 
futtire  irradiation  facility.  It  is  interesting  to  note  that  France  and 
other  European  countries,  notably  Russia,  favor  the  use  of  ^37qs,  which 
ultimately  will  be  recovered  as  a  by-product  from  the  reprocessing  of 
power-reactor  fuel  elements. 

In  view  of  the  general  interest  of  industry  there  is  little  doubt 
that  whenever  the  ABC  invites  proposals  for  industrial  participation, 
industry  will  respond  positively  but  under  conditions  which  will  preserve 
their  proprietary  interests. 
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THE  INVESTIGATION  OF  COIMERCIAL  POTENTIAL 
OF  WOOD-PLASTIC  COMBINATIONS  IN  THE  NORTHEAST 
Douglas  M.  Egan 
ABSTRACT 

a  study  of  the  commercialization  of  wood-plastic 
corah inations  (WPC),  the  Western  New  York  Nuclear  Research 
Center  has  chosen  to  explore  only  the  requirements  for 
commercialization  and  has  excluded  studies  of  market  poten¬ 
tial  and  profitability.  Identification  of  products  and  firms 
for  which  WPC  seemed  to  offer  promising  applications,  deter¬ 
mination  of  interest  in  WPC  expressed  by  firms,  and  recommendations 
of  promising  locations  for  V/PC  processing  facilities  were  the 
major  responsibilities  of  the  investigation.  Among  the  more 
promising  applications  for  WC  considered  in  the  evaluation 
were  flooring,  furniture,  industrial  patterns,  and  shapings 
and  turnings  Cost  considerations  and  plant  siting  are  also 
considered  Ih^he  evaluation.  It  is  concluded  that  additional 
information  on  WPC  properties  and  production  is  needed  before 
definite  results  can  be  obtained. 


By  direction  of  the  Atomic  Energy  Commission  the  Western  New  York 
Nuclear  Research  Center  has  been  investigating  the  requirements  for  com¬ 
mercialization  of  wood -plastic  combinations  (WPC).  This  study  has  been 
restricted  to  the  New  England  states  and  New  York,  New  Jersey,  and  Pennsyl¬ 
vania.  It  is  necessary  to  stress  that  this  study  is  intended  to  explore 
the  requirements  for  commercialization  but  not  those  for  market  potential 
or  profitability.  This  choice  is  conditioned  by  the  following  considera¬ 
tions; 

1.  As  representatives  of  the  AEC,  o\rr  interests  are  separate  from  those 
associated  with  a  private  organization  in  which  market  potential 
and  profitability  are  of  prime  importance.  Reflecting  a  public  inter¬ 
est,  we  can  merely  try  to  identify  the  conditions  which  must  be  met  if 

State  University  of  New  York,  Buffalo,  New  York. 
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the  production  and  sale  of  WPG  are  undertaken.  The  desirability  of 
atteii5)ting  to  meet  these  requirements  remains  in  the  domain  of  private 
interests . 

2.  With  a  lack  ©f  substantive  knowledge  at  the  time  the  contract  was  under¬ 
taken,  the  choice  of  particular  types  of  products  for  examination  was 
quite  arbitrary.  An  attempt  has  been  made  in  this  commercialization 
study  to  choose  representative  products  reflecting  the  manufacturing 
character  of  the  Northeast. 

3.  The  study  has  been  conducted  by  viewing  WPG  as  a  direct  substitute  for 
products  now  in  existence.  No  attengst  has  been  made  to  project  markets 
in  which  WPG  might  be  viewed  as  new  products. 

The  three  major  responsibilities  of  oiu*  investigation  are  the  identi¬ 
fication  of  those  products  and  firms  for  which  WPG  seem  to  offer  promising 
applications;  the  determination  of  the  nature  and  intensity  of  interests  in 
WPG  expressed  by  firms;  the  recommendation  of  promising  locations  for  WPG 
processing  facilities.  Preliminary  results  of  our  investigations  suggest 
the  following  tentative  conclusions. 

PRODUGT  APPLIGATIONS 

Among  the  more  promising  applications  for  WPG  are  flooring,  coramer- 
cail  and  institutional  furniture,  industrial  patterns  and  dies,  and  wood 
turnings  and  shapings.  These  were  selected  from  a  list  of  some  70  possible 
applications  of  wood-plastics  to  current  wood  uses.  Four  primary  factors 
considered  in  this  evalxiation  and  selection  were  (a)  Improvements  in  WPG 
product  characteristics  over  the  characteristics  of  wood  currently  in  use; 

(b)  the  feasibility  and  ease  of  using  WPG  in  current  production  processes; 

(c)  an  apparent  cost  saving  in  the  final  product  by  using  WPG  rather  than 
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current  wood  species;  and  (d)  the  size  of  the  market  for  these  products. 
Market  size,  which  was  determined  only  crudely,  was  based  on  census  reports 
of  the  value  of  shipments  by  manufacturers.  As  a  resiilt,  the  final  market 
value  of  these  products  is  clearly  understated.  Representative  market  values 
and  their  changes  with  time  are  shorn  in  Table  I. 


Table  I.  Value  of  Shipments  by  Manufacturers 
of  Selected  Products  in  the  Northeastern  United  States 


Thousands  of  Dollars 

$  Change 

Product 

195^ 

1958 

1963 

1958-63 

Office  Furniture 

34,875 

37,705 

52,667 

39.7?^ 

Industrial 

Patterns 

N.A, 

N.A. 

25,215^ 

Flooring 

8,379 

8,391 

13,285 

58.3^ 

Shapings  and 
Turnings®' 

N.A. 

39,347 

52,045 

32.35^ 

N.A.*Not  available 

a.  Totals  are  for  the  entire  U.  S.  for  selected,  appropriate  products. 

b.  Includes  nonwood  patterns. 

Source;  U.  S.  Census  of  Manufacturers 

Flooring 

In  strip  flooring  WPG  appear  to  offer  advantages  where  wood  is 
desired  for  its  esthetic  qualities  and  where  maintenance  costs  are  signifi¬ 
cant  for  conventional  wooden  floors.  The  possible  use  of  WC  for  gymnasium 
and  recreational  flooring  appears  quite  good. 

Parquet  flooring  of  WPG  may  become  a  useful  product  coii5)etitive  with 
hi^-quality  nonwood  floors  currently  in  vogue.  The  durability  and  decora¬ 
tion  that  can  be  achieved  with  WC  plus  competitive  cost  are  most  important. 
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In  both  strip  and  parquet  flooring  there  are  excellent  possibilities  for 
substituting  lower-cost  woods  for  those  now  used. 

Furniture 

For  commercial  and  institutional  furniture  products  WPG  offer 
the  advantages  of  durability,  abrasion  resistance,  peimnence  of  finish, 
and  nonsplintering  characteristics.  The  major  disadvantages  to  be  considered 
include  the  added  product  weight  and  attendant  frei^t  costs.  Perhaps  even 
more  important,  the  engineering  problems  related  to  staining  and  homogeneous 
coloring  must  be  overcome. 

Industrial  Patterns 

The  market  for  products  categorized  as  industrial  patterns  and 
dies  is  poorly  defined  because  so  much  of  this  work  is  done  in  captive 
shops.  However,  i960  estimates  made  by  the  U.  S.  Department  of  Agriculture 
indicated  that  JO  percent  of  wooden  jigs,  die  models, and  patterns  were 
made  of  solid  lumber,  and  the  remaining  30  percent  comprised  plyiTOOd  and 
hardboard.  The  volume  for  this  application  in  the  same  year  was  approxi¬ 
mately  71  million  board  feet}  sugar  pine  was  the  most  commonly  used  wood. 

The  continued  concentration  of  heavy  manufacturing  in  the  Northeast 
suggests  that  this  is  a  market  worth  further  exploration.  On  an  experimental 
basis  the  Western  New  York  Nuclear  Center  has  had  considerable  success  in 
shaping  models  of  soft  woods  such  as  balsam  and  then  impregnating  them. 
Limited  experience  indicates  considerable  savings  both  of  preparation  and 
cost  of  wood  working. 

Shapings  and  G?urnlngs 

This  is  perhaps  the  most  difficult  market  to  define  because  of  the 
broad  array  of  products  it  enconpasses.  All  manner  of  handles,  shoe  lasts. 
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and  wooden  novelties  and  specialties  may  be  included.  Characteristics 
of  dimensional  stability,  diirability,  and  possible  improved  heat  resistance 
are  most  important  here.  The  major  drawbacks  to  commercialization  are 
the  difficulty  of  achieving  product-color  uniformity  and  the  small  size 
and  scattered  location  of  manufacturers  of  these  products. 

Veneers 

While  the  markets  for  veneered  products  are  extensive,  the  cost  of 
impregnation  and  irradiation  and  the  existence  of  significantly  competitive 
polymerization  processes  reduce  the  potential  of  WPG  in  this  application. 

COST  CONSIDERATIONS 

Cost  analysis  still  requires  much  more  detailed  scrutiny.  Based  on 
the  cost  estimates  provided  by  other  studies,  it  is  obvious  that  WPC  prod¬ 
ucts  must  incur  sizeable  incremental  costs  for  impregnation  and  irradiation. 
These  incremental  costs  may  be  highly  variable  depending  on  whether  captive 
or  independent  WC  facilities  are  used  and  on  the  average  percent  of  capac¬ 
ity  at  which  the  production  plant  opeirates. 

Because  of  this  cost  factor  the  most  likely  markets  for  immediate 
ej^loration  are  those  in  which  demand  is  not  highly  responsive  to  changes 
in  price  or  in  which  product  processing  costs  are  a  small  percentage  of 
final  price.  On  the  basis  of  these  considerations  and  the  generally  low- 
volume  output  of  plants  producing  specialty  products,  we  conclude  that  this 
type  of  commercial  market  is  most  suitable  for  initial  exploitation  of  WPC. 

A  most  important  element  in  the  analysis  of  costs  is  the  validity  of 
the  assumptions  made  in  the  cost  study  above.  If,  for  example,  a  variable 
average  loading  of  monomers  in  woods  of  different  weight  is  assvimed,  then 
substantial  cost  differences  are  indicated.  This  is  illustrated  in  Table  II. 
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Table  II. 

Methyl  Methaciylate  Costs* ** 

per  Bd-Ft  of  WPG 

Relative 

to  Wood  Weight  and  Load  Factors 

Wood 

Weight 

Load  Factor 

50^ 

70^ 

100^ 

120^ 

Ibs/bd  ft 

Cents/bd  ft 

Cents/bd  ft 

Cents/bd  ft 

Cents/bd  ft 

2.00 

21.0 

29.4 

42.0 

50.4 

2.25 

23.6 

33.1 

47.3 

56.8 

2.50 

26.3 

36.8 

52.5 

63.0 

2.75 

28.9 

40.4 

57.8 

69.3 

3.00 

31.5 

44.1 

63.0 

75.6 

3.50 

36.8 

51.5 

73.5 

88.2 

4.00 

42.0 

58.8 

84.0 

100.8 

**Monomer  cost 

per  lb  WPG  Cents/lb 

Cents/lb 

Cents/lb 

Cents/lb 

7.0 

8.6 

10.5 

11.5 

*Based  on  21^/lb  for  Methyl  Methacrylate 

**Assvunes  no  trim  losses  after  irradiation 


If  less  than  an  optimum  wood  array  is  available  for  the  WPG  facility, 
impregnation  costs  may  he  within  a  range  of  6o  cents  to  90  cents  per  hoard 
foot. 

THE  INTEREST  OF  MANUFACTURERS 

This  is  a  partictilarly  difficvilt  area  of  analysis,  and  interest  ex¬ 
pressed  cannot  he  accurately  assessed  until  firms  make  tangible  financial 
commitments  for  production  on  at  least  a  pilot  plant  basis. 

In  our  personal  contacts  with  more  than  75  firms  a  considerable 
eimoiint  of  speculative  interest  has  been  evidenced.  Historically,  innovation 


has  been  slow  among  wood  manufacturers.  This  slowness,  coupled  with  the 
small  average  size  of  the  majority  of  such  firms,  implies  that  only  those 
firms  with  access  to  capitail  funds  and  technological  expertise  will  venture 
into  this  new  area  of  manufactviring.  At  this  time  it  is  difficult  to  tell 
whether  this  wox;ild  occur  by  the  unilateral  actions  of  individual  firms  or 
by  joint  ventvires  between  firms  matching  knowledge  of  the  wood  industries 
with  knowledge  and  skills  in  the  required  areas  of  technology.  The  over¬ 
riding  difficulty  at  this  stage  of  the  investigation  is  the  dearth  of  defini¬ 
tive  product  knowledge  because  of  the  narrow  limits  within  which  cursory 
product  testing  has  been  confined. 

SITING 

The  problem  of  plant  siting  raises  an  immediate  question  related 
to  production  volume.  The  bulk  of  wood  manufactxirers  in  the  Northeast  have 
such  limited  production  that  a  captive  facility  for  each  manufactvirer  would 
be  out  of  the  question.  Immediate  consideration  must  then  be  given  to  a 
separate  facility  which  coiild  serve  the  needs  of  several  firms  producing 
disparate  products.  If  the  conservative  assimiption  is  made  that  only  a 
limited  portion  of  any  manufacturer's  annual  volume  of  production  would  be 
treated,  then  the  facility  must  be  central  to  a  rather  large  complex  of  firms. 

Data  on  the  specific  location  and  size  of  wood  manufactxirers  in  the 
Northeast  are  scarce.  From  available  information  it  appears  that  geographic 
concentrations  of  high-volume  production  are  limited.  Among  the  areas 
immediately  considered  as  appropriate  locations  for  general  purpose  facili¬ 
ties,  only  four  appear  reasonable.  These  include  Western  New  York,  North¬ 
eastern  Pennsylvania,  Northern  New  Jersey,  and  Southern  New  Bngland.  These 
choices  were  predicated  on  the  appropriateness  of  products  produced  and  a 
sufficient  total  volume  of  production  in  the  region  that  a  small  portion 
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of  this  annual  production  would  still  meet  the  requirements  for  economic 
operation  of  a  WPG  processing  plant. 

CONCLUSIONS 

In  conclusion  one  additional  comment  is  appropriate.  Definitive 
resiilts  cannot  he  obtained  in  a  study  such  as  this  without  necessary  addi¬ 
tional  information  regarding  product  properties,  useful  monomers,  and  the 
curing  process  characteristics.  Rather,  it  is  hoped  that  direction  can  he 
given  to  the  investigative  and  evaluative  efforts  of  individual  firms  that 
may  venture  into  production  of  this  new  product.  The  critical  element  in 
the  final  assessment  of  the  commercial  potential  of  WC  must  he  the  will¬ 
ingness  of  private  firms  to  hear  the  risk  and  cost  of  innovation.  This 
willingness  is  a  sine  qua  non  that  cannot  he  undervalued. 
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COMMERCIAL  PRODUCTION  OF  VJOOD-PLASTIC  COMBINATIONS 
Lawrence  G.  Barrett* 

ABSTRACT 

The  American  Novawood  Corporation  was  incorporated  in 
August  196^1  and  was  the  first  concern  to  produce  wood -plastic 
combinations  (WC)  commercially.  In  addition  to  sample  preparation, 
company-sponsored  research  and  development,  and  supplying  materials 
and  consulting  services,  the  con^any  is  heavily  involved  with  the 
construction  of  a  commercial-scale  pilot -plant  facility.  A  strong 
criticism  of  the  continued  support  of  the  USAEC  development  program 
for  wood -plastic  combinations  is  presented:  the  AEC  has  adeq'uately 
demonstrated  the  value  of  VffC  and  should  therefore  discontinue 
support  and  permit  private  industry  to  take  both  the  natviral  busi¬ 
ness  risks  and  the  rewards  of  their  efforts. 


VJhether  you  are  customer  or  competitor,  I  welcome  this  opportunity 
to  tell  you  something  about  the  oldest  conpany  in  this  emerging  wood-plastic 
industry  and  to  tell  you  of  some  of  the  problems  that  we  have  had  dviring 
the  first  year  of  our  corporate  life. 

The  American  Novawood  Corporation  was  incorporated  on  August  28, 

1964  with  the  primary  objective  of  commercialization  of  wood-plastic 
combinations  known  generally  as  Novawood.  As  a  first  step  in  this  direction 
an  information  folder  was  prepared  and  distributed  to  several  hundred  com¬ 
panies  in  the  wood-fabricating  industry.  The  folder  described  Novawood, 
told  of  the  basic  process  by  which  it  was  made,  indicated  the  improved 
physical  characteristics,  and  made  suggestions  as  to  potential  uses.  We 
also  advised  of  the  forthcoming  availability  of  Novawood  to  manufacturers 
for  test  and  prototype  purposes. 

Our  conpany  began  production  of  Novawood  materials  late  in  1964. 

These  materials  were  produced  using  a  nuclear  reactor  as  the  source  of 
radiation  and,  as  a  consequence,  materials  carried  very  high  unit  prices. 

*President,  American  Novawood  Corporation  ,  Lynchburg,  Virginia. 
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The  startup  of  this  small-scale  production  operation  marked  the  first  time 
that  wood-plastic  materials  were  produced  on  a  commercial  basis  using  pri¬ 
vately  rnmed  and  financed  facilities. 

Since  startup  of  our  reactor-irradiation  operations  we  have  been 
involved  with  san^le  preparations,  company-sponsored  research  and  develop¬ 
ment,  and  supplying  materials  and  consTilting  services  under  contract  to 
the  wood -fabricating  industry.  Work  is  continuing  in  these  three  areas, 
but  in  addition  we  are  now  heavily  involved  with  the  construction  of  a 
commercial-scale  pilot-plant  production  facility.  This  facility  will  per¬ 
mit  \mit-price  reduction  factors  of  10  to  kO  below  that  of  materials 
produced  in  our  reactor  operations. 

We  are  presently  developing  quotations  for  production  commitments 
of  Novawood  materials  to  be  supplied  from  our  pilot-plant  production 
facility. 

INDUSTRIAL  DEVELOPMENT 

It  is  our  opinion  that  the  development  of  the  wood-plastic  industry 
will  come  about  through  the  establishment  of  several  small-  and  intermediate- 
size  plants  located  in  close  proximity  to  either  large  sources  of  basic 
Ivunber  supply  or  large  wood-fabricating  plants. 

Our  cQD^any  has  spent  considerable  time  and  effort  dviring  the  last 
year  in  the  development  of  process  improvements  that  lead  to  the  production 
of  higher  quality  materials  at  lower  unit  costs.  The  nuclear  engineering 
experience  of  ovir  staff  has  been  put  to  particularly  good  use  in  the  devel¬ 
opment  of  new  irradiator  concepts  that  have  the  promise  of  effecting 
substantial  reductions  in  plant  capital  investment.  It  is  therefore  an 
objective  of  our  company  to  develop  cooperative  arrangements  with 
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manufactTorers  and  suppliers  vho  are  looking  forward  to  the  erection  of 
plants  in  appropriate  geographical  regions.  Under  such  an  arrangement, 
full  advantage  would  he  taken  of  the  past  year’s  production  experience, 
ovir  developed  plant  design  and  process  innovations,  and  e3q)erience  in 
pilot-plant  production  of  the  products  of  interest. 

OVERSUPPORT  OF  THE  WPG  PROGRAM  BY  THE  AEG 
The  last  year  has  brought  to  our  company  all  the  problems  normally 
associated  with  a  new  business  putting  out  a  new  product.  However,  oxir 
problems  seemed  to  have  increased  considerably  because  of  the  AEG's  involve¬ 
ment  in  this  new  material.  We  are  indebted  to  the  AEG  for  the  support  they 
provided  Dr.  Kent  in  his  work  at  West  Virginia  University.  There  is  no 
doubt  that  without  the  work  of  Dr.  Kent  we  would  not  be  having  this  meet¬ 
ing  today.  During  the  last  year  we  have  seen  an  ever  enlarging  program 
going  on  within  the  AEG  to  stimulate  commercialization  of  the  wood-plastic 
field.  Wood-plastic  combinations  are  the  first  application  of  nuclear 
energy  where  a  customer  product  is  produced  and  consequently  WC  materials 
are  receiving  considerable  attention  within  the  AEG.  The  AEG  seems  to  be 
determined  to  push  wood-plastic  combinations  until  in  their  judgement  a 
sufficient  nuniber  of  companies  are  en^ged  in  competitive  production  of 
the  material.  It  is  this  determined  effort  on  the  part  of  the  AEG  which 
has  caused  us,  the  first  company  to  enter  the  commercial  field,  to  suffer 
more  than  would  be  normally  expected  in  the  way  of  growth  pains  for  a  new 
company. 

Our  problems  started  with  the  choice  of  the  corporate  name.  The 
AEG  in  its  efforts  to  promote  wood-plastic  combinations  had  designated  the 
material  as  Novawood  and  had  requested  the  Patent  Office  to  reserve  this 


Tift.-mp  as  a  generic  term  for  the  entire  field  of  irradiated  wood-plastic 
combinations.  We  sought  and  received  AEC  approval  to  use  Novawood  in 
our  corporate  name  and,  indeed,  at  the  time  the  AEC  encouraged  the  use  of 
the  term  Novawood,  giving  every  indication  that  the  term  was  available  for 
public  use,  free  and  clear.  A  few  months  later  a  prominent  manufacturer 
in  the  wood  industry  took  issue  with  the  AEC  over  the  term  Novawood  and 
despite  the  fact  the  name  had  now  gone  into  the  public  domain  and  received 
wide  spread  acceptance;  the  ABC  unilaterally  decided  to  "switch  rather  than 
fight"  and  thereby  dropped  the  name.  By  this  time  our  company  had  received 
wide  spread  publicity  and  we  were  already  shipping  materials  under  a  com¬ 
posite  trademark  utilizing  Novawood  as  a  generic  term.  Since  that  time  we 
have  been  involved  in  a  continuing  effort  trying  to  preserve  our  corporate 
name  and  our  conposite  trademark. 

Having  established  commercial  availability  for  the  ne^^  material  at 
test  and  prototype  development  prices,  we  were  officially  a  going  concern 
offering  services  and  materials  in  a  commercial  operation.  Despite  the 
fact  that  materials  could  be  pvirchased  commercially,  the  AEC  continued  to 
produce  and  distribute  materials  upon  request  through  installations  and 
organizations  operating  under  government  funding.  After  we  bad  been  in 
business  for  several  months,  in  routine  discussions  between  industry  and 
the  AEC,  the  AEC  was  informed  of  the  wood  fabricating  industries'  reluctance 
to  enter  into  research  and  development  programs  because  of  the  high  initial 
production  costs.  The  AEC's  solution  to  this  was  to  fund  the  present 
demonstration  program  wherein  manufacttirers  may  obtain  materials  and  con- 
svilting  advice  from  a  conpetitor  of  ours.  This  action  caused  us  to  substan¬ 
tially  lower  oirr  prices  to  customers  for  test  and  prototype  materials  and  to 
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absorb  the  difference  in  costs  as  a  loss.  This  method  of  operation  hardly 
provides  encouragement  to  stockholders  of  a  small  company.  Fortunately, 
there  were  a  few  companies  who  recognized  the  potential  of  the  material 
and  were  willing  to  spend  modest  funds  for  adaptation  to  their  product 
lines.  These  companies  today  are  rapidly  approaching  the  position  of  being 
able  to  put  wood -plastic  products  into  the  market. 

We  have  learned  that  over  185  conpanies  have  made  inquiries  to  the 
AEG  regarding  participation  in  their  demonstration  program.  About  85  of 
these  will  be  selected  as  participants.  We  invite  the  100  "rejects"  to 
communicate  with  us  and  make  known  their  interests  and  we  will  attempt  to 
serve  their  needs. 

Past  practice  of  the  AEG  has  been  to  injure  us  in  our  sale  of  mater¬ 
ials  on  a  sample  and  developmental  basis.  This  is  now  over  and  in  the 
fut^lre  the  wood  industry  will  be  conceraed  with  the  sale  of  the  best  mater¬ 
ial  at  the  best  price  when  production  orders  are  being  filled.  However, 
the  AiX3  is  presently  developing  a  budget  wherein  they  may  fund  a  pilot 
plant  operation  and  it  is  at  this  point  that  we,  as  a  company,  must  oppose 
such  action. 

We  have  been  told  by  scane  potential  cvistomers  that  they  see  no  Justi¬ 
fication  in  b\iying  materials  when  the  AEG  will  supply  them  without  cost. 

It  is  obvious  that  if  the  AEG  proceeds  with  its  plans  to  fund  a  pilot 
plant,  materials  supplied  under  this  giveaway  program  (or  even  in  a  so- 
called  "full  cost  recovery"  program)  would  harm  private  competition.  Wot 
only  woilLd  this  be  a  great  hardship  to  the  companies  concerned  but  it  is 
contrary  to  the  precepts  of  our  free-enterprise  system.  It  would  be  utili¬ 
zation  of  public  funds  to  permit  the  government  to  be  in  con^jetition  with 
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existing  privately  owned  and  financed  enterprises. 

Once  an  AEG  supported  pilot-pl6int  facility  has  heen  huilt  it  will 
he  extremely  difficult  to  cease  operations.  Johs  will  he  involved  and 
political  pressures  will  he  exerted  to  maintain  operations  as  long  as 
there  is  an  incompletely  examined  wood-plastic  combination.  Startup  of 
ovir  pilot -plant  production  facility  is  e3q)ected  to  occur  far  in  advance 
of  any  pilot  plant  to  he  huilt  hy  the  AEG.  At  such  a  time  our  facility 
shoxild  have  siifficient  versatility  to  handle  any  wood-plastic  combination 
being  considered  today.  We  strongly  object  to  any  scheme  or  device  which 
puts  any  company  at  a  competitive  advantage  through  the  use  of  AEG  funds, 
including  the  conversion  of  any  presently  owned  AEG  facility  for  use  as 
a  wood-plastic  pilot  plant  or  production  facility.  Such  a  conversion 
would  constitute  a  major  subsidy  for  oxir  competition. 

In  conclusion  we  feel  that  our  con^jany  has  had  the  opportunity  to 
serve  as  a  "midwife"  at  the  birth  of  a  new  industry.  We  ask  that  this 
industry  he  given  the  freedom  of  growth  normally  associated  with  our  free 
enterprise  system.  We  believe  that  the  AEG  has  adequately  demonstrated  the 
value  of  wood-plastic  combinations  and  at  this  point  they  should  bow  out 
of  the  pictvire  to  let  those  that  are  willing  to  take  the  normal  business 
risks  receive  the  rewards  due  them.  We  believe  that  the  AEG  should  feel 
a  sense  of  accomplishment  upon  hearing  my  remarks  today— it  has  done  its 
job  well,  but  it  should  not  overdo  the  job. 
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DEmOIMEOT-PRODUCTION  PROGRAM  FOR  LOCKWOOD 
G.  M.  Kalember* 

ABSTRACT 

ll^ockheed's  development  program  for  their  wood -plastic  com¬ 
binations  —  trade  name  Lockwood  —  has  included  e2q)anded  effort 
on  both  the  process  itself  and  commercial  applications.  Two 
problems  of  expanded  commercialization  are  choosing  methods  of 
marketing  and  defining  the  types  of  products  and  customers  for 
Lockwood.  Investigation  of  thermoplastic  monomer  systems, 
impregnation  techniques,  effects  of  dose  and  dose  rates  on 
polymerization,  physical  and  engineering  properties,  and 
testing  and  dyeing  methods  are  included  in  the  technical 
development  progi'aj^  Lockheed  now  produces  6000  board  feet 
of  Locln^ood  per  monfc  on  a  development-production  basis. 


Lockheed  initiated  a  company-sponsored  development  program  in 
Jvine  1964  to  investigate  further  the  new  wood -plastic  comibinations  (WPC) 
developed  by  Dr.  Kent  under  a  U.  S.  Atomic  Energy  Commission  contract. 

We  have  named  the  Lockheed-produced  product  Lockwood,  our  trademark.  This 
program  was  started  after  a  preliminary  investigation  showed  that  Lockwood 
had  interesting  technical  and  commercial  possibilities.  The  results  of 
the  initial  development  effort  were  very  encouraging^ and  we  have  progres¬ 
sively  e:5q)anded  the  program  to  a  comprehensive  effort  which  includes 
investigation  of  thermoplastic-monomer  systems  for  Lockwood,  wood  impreg¬ 
nation  techniques,  effects  of  radiation  dose  and  dose  rates  on  polymeriza¬ 
tion,  physical  eind  engineering  properties,  and  testing  and  dyeing  methods. 

We  have  also  devoted  considerable  effort  toward  developing  commercial 
applications  throu^  cooperative  eval\xation  programs  with  various  wood- 
product  industries.  This  latter  effort  led  us  to  participate  in  the  ABC 
competition  that  resxilted  in  the  contract  discussed  by  Dr.  Burford.  We 
are  continuing  our  internal  program  concurrently  with  the  ABC  contract  work. 

*Manager,  Development  Sales  Department,  Lockheed -Georgia  Company, 
Marietta,  Georgia. 
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While  early  results  are  encouraging,  we  still  have  many  problems 
to  solve  and  many  areas  to  investigate  before  any  substantial  expansion 
effort  can  be  initiated— this  is  where  our  efforts  are  now  being  directed. 

For  example,  one  of  our  problems  is  how  to  market  Lockwood.  At 
Lockheed,  our  marketing  consists  of  a  highly  specialized  force  of  marketeers 
who  sell  million  and  multi-million  dollar  products  to  a  relatively  specific 
market.  IThis  same  organization  is  not  geared  to  sell  a  product  like  Lock- 
wood  to  an  open  market.  ¥e  are  looking  at  the  establishment  of  a  separate 
sales  organization  with  possible  distribution  through  jobbers  or  agents. 

We  are  also  trying  to  define  and  determine  the  many  types  of  pro¬ 
ducts  and  customers  for  Lockwood.  Furniture  manufacturers  are  obvious 
customers,  and  they  are  interested  in  Lockwood  for  use  in  both  veneer  and 
solid  construction.  Since  both  veneer  and  solid  construction  are  possible 
with  identical  materials  with  Lockwood,  it  is  of  particifLar  interest  to 
the  furniture  industry.  This  is  a  very  exciting  potential. 

There  are  many  different  monomers  that  look  promising  and  we  will 
continue  Research  to  find  the  best.  To  date,  most  of  our  experience  has 
been  with  methyl  methacrylate.  Consideration  of  the  entire  process, 
product  cost,  and  the  resultant  physical  and  esthetic  properties  strongly 
suggests  that  this  monomer  may  be  the  major  material  for  commercial  produc¬ 
tion  of  V700d -plastic— at  least  in  the  near  future. 

The  beauty  of  Lockwood  is  one  of  its  most  striking  and  admirable 
qualities  as  all  the  pleasing  variation  of  the  natural  wood  grain  is 
retained.  However,  the  addition  of  color  is  frequently  employed  in  wood 
applications.  Color  matching  is  a  possibility.  We  recently  had  a  request 
for  Lockwood  to  meet  a  very  strict  color  requirement,  but  our  process  has 
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not  progressed  to  the  point  where  we  can  guarantee  color.  We  have  worked 
with  a  number  of  plastic  dyes  that  have  proved  successful.  They  have  been 
used  in  large  quantities  and  at  various  concentrations  to  produce  a  wide 
range  of  colors  in  specific  wood  types.  To  meet  the  anticipated  require¬ 
ments  for  color  matching  we  are  continuing  our  work  with  dye  manufacturers. 

Impregnation  of  the  wood  in  Lockwood  production  follows  methods 
similar  to  those  employed  in  the  treatment  of  wood  with  conventional 
preservatives.  We  soak  the  material  until  a  relatively  high  degree  of 
impregnation  is  achieved,  which  results  in  a  very  desirable  product  because 
a  uniform  finish  is  produced  throughout.  With  oxir  heavily  impregnated  soft 
woods,  wei^ts  are  increased  over  100  percent,  while  with  hardwoods,  weights 
are  increased  by  approximately  6o  percent .  Vfe  are  also  working  with  methods 
to  product  desired  properties  with  lower  monomer  loadings,  another  important 
area  of  investigation  being  conducted  at  Lockheed.  Since  the  cost  of  mono¬ 
mer  is  a  large  portion  of  the  total  cost,  lower  monomer  loadings  could 
show  considerable  cost  improvements. 

For  some  applications,  price  is  not  a  factor.  One  of  our  customers 
told  us  that  using  Lockwood  to  replace  their  present  material  reduced  the 
cost  of  an  operation  from  $35.00  to  $1.50.  I  am  sure  for  that  customer 
even  oiJtr  development -production  price  was  low. 

There  may  be  other  places  where  Lockwood  will  be  useful  and  also 
offer  a  considerable  cost  reduction  to  the  user,  and  we  shall  continue  to 
look  for  these  applications.  0;rr  research  and  development  win  be  main¬ 
tained  to  answer  questions  concerning  Lockwood  properties .  We  will  con¬ 
tinue  our  work  with  the  wood-products  industry,  furnishing  Lockwood  for 
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their  use  in  making  products  for  review  and  evaluation,  and  we  expect 
this  effort  to  furnish  many  answers  to  current  questions. 

For  the  next;  few  months,  we  will  he  considering  the  possibility  of 
building  a  production  facility  similar  to  the  one  discussed  by  Harry 
Frankfort  of  the  Vitro  Engineering  Company.  At  the  present  time,  at  oiir 
Lockheed-Georgia  Nuclear  Laboratory,  we  are  producing  6000  board  feet  of 
Lockwood  per  month  on  a  development-production  basis  •—  and  we  can  double 
this  by  adding  another  shift.  V/hether  or  not  we  go  ahead  with  a  Lockwood 
production  facility  will  depend  upon  the  resTolts  of  our  studies  and  our 
success  in  finding  customers  for  oior  development  production.  We  are  enthu¬ 
siastic  about  Lockwood,  and  within  the  next  few  months,  we  will  know  how 


enthusiastic. 
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IRRADIATED  WOOD-PLASTIC  MATERIALS  IN  THE 
FURNITURE  INDUSTRY 
Paul  E.  Rumibaugih* 

ABSTRACT 

l^e  Kroehler  Manufacturing  Conipany  has  prepared  an 
occasional -table  sample  with  half  of  the  top  of  convention¬ 
ally  lacquered  oak  and  the  other  half  of  wood-plastic  com¬ 
bination.  Dealer  response  to  a  demonstration  of  finish 
resistance  to  cigarettes  and  some  common  household  liquids 
was  good.  A  large  sample  of  hard  maple  iu^regnated  with 
dyed  methyl  methacrylate  had  little  uniformity  of  color; 
however,  a  cocktail  table  of  this  material  was  beautiful, 
although  lighter  and  more  varied  in  color  than  several  of 
this  firm's  Early  American  styles^  The  wood  worked  well 
with  conventional  tools  and  machined  cleaner  and  better 
than  conventional  maple.  Predrilled  holes  were  required 
for  screws  to  prevent  splitting.  [The  maple  WPC  glued  well 
with  polyvinyl  adhesive,  moderately  well  with  urea  resins, 
and  excellently  with  fortified  urea  resin5>  Early  results 
with  VTPC  veneers  were,  in  general,  disappointing  but  not 
necessarily  pessimistic.  The  use  of  WPC  for  solid-wood 
furniture  may  be  prohibited  by  cost  except  for  some  spec¬ 
ific  applications.  (The  greatest  possibilities  for  WPC 
in  furniture  appear  to  be  in  veneer  applications,  but 
further  research  work  is  required  in  their  fabrication 


and  finishing  technique's^ 


The  subject  of  my  discussion  today  is  "The  Opportunity  for  Commer¬ 
cial  Use  of  Irradiated  Wood-Plastic  Materials  in  the  Furniture  Industry." 

I  represent  the  Kroehler  Mfg.  Co.,  World's  Largest  Furniture  Maker.  Let 
me  caution  you  at  the  outset  that  my  remarks  and  comments  and  all  the  test¬ 
ing  we  have  done  are  from  the  view  of  the  furniture  manufacturer.  We  are 
grateful  to  everyone  who  has  permitted  us  to  take  part  in  this  general 
program— the  Atomic  Energy  Commission,  the  Southern  Interstate  Nuclear 


*Vice  President,  Kroehler  Mfg.  Co.,  Louisville,  Kentucky. 
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Board,  and  Lockheed.  We  have  been  participating  for  quite  some  time 
both  in  meetings  and  throu^  the  use  of  samples  which  have  been  obtained 
with  the  help  of  these  various  organizations.  Again,  thank  you  for  the 
opportunity  to  explore  this  exciting  new  wood -plastic  product. 

The  best  way  I  know  how  to  tell  all  of  you  wood  workers  and  other 
interested  people  what  we  at  Kroehler  have  done,  what  experiences  we  have 
had,  and  what  we  have  learned  is  to  trace  our  experiences  and  our  research 
on  this  product  from  the  outset. 

We  were  originally  contacted  by  a  consultant  from  Arthxir  D.  Little, 
Inc.  We  spent  several  hours  answering  his  questions  and  discussing  the 
possibilities  of  wood-plastic  combinations  (WC).  I  would  like  to  point  out, 
our  comment  at  the  conclusion  of  that  initial  meeting  ms  that  we  thought 
the  use  of  this  product  in  solid  woods  would  be  extremely  limited  due  to 
economics.  We  thou^t  the  greatest  possibility  would  be  in  veneers  and 
that  the  prospects  were  quite  exciting  and  would  be  revolutionary  if 
successful. 

We  attended  Interstate  Nuclear  meetings  later  and  obtained  some 
southern  pine  which  had  been  processed  and  irradiated  at  Lockheed.  Our 
interest  at  this  point  was  to  find  out  what  our  dealer  reaction  would  be 
to  a  furniture  product  made  with  special  wood-plastic  materials. 

V/e  duplicated  an  occasional  table  from  our  Covintry  Life  group. 

Part  of  the  top  was  made  from  the  processed  southern  pine  lumber,  and 
the  balance  of  the  top  was  made  from  Appalachian  oak  solids  and  Appalachian 
oak  veneers.  The  oak  materials  were  given  our  conventional  lacquer  finish. 
We  took  this  historic  table  to  the  Southern  Furniture  Show  at  High  Point, 
North  Carolina.  This  is  one  of  the  shows  at  which  furniture  manxifacturers 
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show  their  new  items  and  new  groups  to  a  cross  section  of  furnitvire 
dealers  from  across  the  country.  This  is  where  our  thousands  of  dealers 
come  to  huy.  We  had  a  rather  elaborate  demonstration  set  for  our  dealers 
to  show  that  the  new  wood-plastic  type  materials  in  the  table  were  toxigh 
and  extremely  resistant  to  cigarettes,  liquors,  alcohol,  finger  nail  polish 
and  all  common  household  detergents.  With  the  same  table  we  were  able  to 
demonstrate  what  they  knew  would  happen  with  cigarettes  and  these  various 
other  materials  on  standard  lacquer  finishes.  The  dealer  reaction  was 
very  good,  with  comments  such  as  "wonderful,"  "great,"  and  "really." 

This  gave  way  to  "cute"  remarks  such  as,  "Will  it  grow  hair?,"  or  "Will 
it  make  me  bald?" 

I  want  to  point  out  at  this  time  that  we  had  no  real  fear  expressed 
by  any  of  OTor  dealers  when  they  were  told  the  wood  was  made  through  the 
use  of  atomic  energy.  We  feel  that  the  word  "atomic,"  for  advertising  and 
publicity  purposes,  is  a  plus  item. 

Our  furniture  dealers  are  very  astute  men.  They  are  used  to  gim¬ 
micks  and  promotional  ideas  used  by  the  industry  to  get  them  to  buy 
particular  products.  We  are  in  a  very  competitive  market  and  the  dealers 
initial  excitement  and  cute  remarks  gave  way  to  sincere  questions  as 
"when?,"  but  more  important,  "How  much  will  it  cost?" 

The  next  point  of  interest  occurred  when  we  received  about  6o  or 
70  board  feet  of  rough  hard-maple  lumber  that  had  been  impregnated  with 
methyl  methacrylate  and  irradiated  at  Lockheed.  I  want  to  mention  also 
that  all  the  equipment  used  in  handling  and  testing  these  woods  was  of 
a  mass-production  type,  that  is,  the  type  we  use  every  day  in  our  manu¬ 
facturing  processes.  This  hard-maple  conposite  dressed  very  well  through 
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the  plajiers  with  conventional  steel  knives.  The  methyl  methacrylate  had 
heen  dyed  and  we  had  hoped  to  get  a  uniform  hrown  Early  American  type 
color.  However,  there  was  little  uniformity  in  color,  althou^  it  was 
all  darker  than  natxiraJL  maple.  Within  a  single  board  the  color  varied 
as  we  cut  throvigh  it.  We  will  not  attempt  to  explain  this  color  variation 
but  pass  along  the  information. 

Next  we  tried  various  adhesives  to  make  sxu*e  that  when  this  mater¬ 
ial  was  processed,  the  adhesives  would  do  a  satisfactory  job.  Polyvinyl 
adhesive  appeared  satisfactory  and  was  used  in  the  assembly  work.  Stand¬ 
ard  urea  resins  were  tried  for  "gluing  up"  lumber,  that  is,  for  making 
the  solid  top  out  of  small  segments  and  for  gluing  heavier  legs,  etc., 
from  four-by-four  lumber.  Standard  xorea  resins  were  only  moderately 
successful  so  we  turned  to  a  fortified  tirea  resin  which  gave  us  excellent 
wood  failure.  I  might  add  that  we  did  have  a  little  latent  glue  line 
failure  in  two  of  the  legs  which  we  were  tmable  to  e::q)lain. 

The  wood  routed,  shaped,  turned,  bored,  and  sanded  very  well  and 
was  smooth  and  rich  looking.  Actually  the  processed  wood  machined  cleaner 
and  better  than  conventional  maple  that  had  not  been  treated.  In  assembly, 
everything  worked  well  and  polyvinyl  glue  seemed  to  do  the  job;  however, 
we  had  to  bore  holes  for  screws.  Screws  driven  directly  into  the  wood 
without  boring  split  the  maple.  We  do  not  use  nails  in  our  furnittire  but 
I  am  sure  the  WPG  could  not  be  nailed  satisfactorily  without  splitting. 

We  processed  the  maple  and  reproduced  a  Kroehler  Cape  Cod  Early 
American  occasional  cocktail  table.  The  finished  product  was  beautiful 
indeed  but  lighter  and  more  varied  in  color  than  normal  Early  American 
styles.  We  presented  this  table,  through  Governor  Exilett  Smith  of 
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West  Virginia,  to  Dr.  Glenn  SeaDorg  at  a  Washington,  D.C.,  meeting  of 
the  Southern  Interstate  Nuclear  Board.  This  table  represented  a  lot  of 
effort  by  a  lot  of  people  and  a  milestone  in  the  peaceful  use  of  atomic 
energy.  We  later  presented  a  con5)anion  table  to  Edward  T.  Breathitt, 
the  Governor  of  Kentucky,  who  is  extremely  interested  in  the  prospects  of 
futixre  growth  of  industry  throxigh  the  use  of  these  processes. 

Fo3J.owing  this  particular  project,  we  attended  other  meetings.  We 
continued  to  stress  the  belief  that  for  the  furniture  industry  the  success 
of  WPG  lay  in  the  area  of  veneers,  rather  than  in  solid  woods. 

Through  information  we  had  received  at  the  various  meetings,  we 
were  led  to  believe  that  the  irradiation  of  veneers  might  pose  a  considera¬ 
ble  problem.  It  occurred  to  us  that  we  might  be  able  to  impregnate  and 
irradiate  a  veneer  log  prior  to  slicing.  If  successful,  this  would  give 
us  veneer  already  processed  after  it  had  been  sliced.  We  sent  veneer  log 
samples  to  Lockheed  for  treatment.  It  was  not  too  surprising  that  this 
was  not  successful.  Since  veneer  logs  are  wet — that  is,  not  kiln  dried— 
they  are  iinable  to  withstand  processing  without  deterioration  of  the  wood 
structure.  In  the  irradiation  process  the  wood  samples  split  too  badly 
for  slicing  and  we  discarded  this  idea  and  approach,  at  least  temporarily. 

Our  next  project  was  treatment  of  veneer.  We  sent  Lockheed  samples 
of  walnut,  pecan,  oak,  cherry,  butternut,  gum,  poplar,  and  pine  veneers. 
They  were  processed  by  Lockheed  and  returned  to  us.  Unfortunately  we  do 
not  know  the  loading  percentage  of  these  veneer  samples,  nor  does  Lockheed 
have  any  such  record. 

The  results  of  this  veneer  testing  were  not  satisfactory.  The 
veneer  had  particles  of  methyl  methacrylate  crystals  adhering  to  the 


surface  in  various  spots  which,  of  course,  would  cause  a  defect  in  ply¬ 
wood.  The  crystalline  material  would  have  to  he  removed  prior  to  any 
plywood  manufacture.  In  addition,  there  appeared  to  he  a  thin  film  of 
material  over  all  the  veneer  surfaces.  We  feel  this  film  hurt  the  adhesion 
properties  of  the  veneer  in  the  gluing  process.  The  veneer  was  wavy  and 
curly,  particularly  at  the  ends.  It  was  also  stiff  and  split  on  the  ends. 
Handling  was  difficult  if  we  were  to  avoid  additional  splitting. 

To  get  samples  for  experimentation  involved  very  high  waste,  as 
we  had  to  cut  off  all  the  ends  which  were  split  and  ■v/avy.  The  color  of 
the  veneer  in  each  of  the  species  was  noticeably  darker  than  normal 
veneer.  Each  specie  of  veneer  spliced  well  in  our  tapeless  splicers  with 
conventional  urea  resin  glues.  We  tried  cold  pressing  these  veneers  into 
plywood  with  conventional  iirea  resin  adhesives.  The  adhesion  was  poor 
with  the  cold  pressing  method.  Hot  pressing  with  standard  urea  resins 
gave  us  only  fair  hond.  We  turned  to  fortified  resins  which  cost  approxi¬ 
mately  four  times  as  much  as  o\ir  conventional  adhesives.  These  worked 
successfully  and  the  glue  hond  was  satisfactory. 

We  were  interested  in  the  possibility  of  weight  loss  in  the  hot 
pressing  of  TiJPC  veneers  and  found  about  a  2  to  decrease  in  weight  when 
veneers  were  heated  to  approximately  230°  F  for  four  minutes.  The  loss 
was  probably  water  but  possibly  some  of  the  methyl  methacrylate  was  lost 
also.  The  veneers,  after  fabrication  into  plywood,  sanded  reasonably 
well,  except  that  they  were  not  uniform  in  their  sanding  qualities . 

This  we  believe  is  due  to  a  variation  in  the  plastic  loading  from  section 
to  section.  Resistance  to  stains,  burns,  and  household  materials  was  not 
satisfactory  nor  nearly  as  good  as  similar  testing  on  solid  wood. 
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One  of  oiir  great  problems  in  the  furnitixre  manufacturing  business 
is  instability  of  wood,  so  we  tested  the  veneers  and  solid  maple  under 
conditions  of  high  humidity.  Normal  veneers  expanded  twice  as  fast  as 
treated  veneers.  Solid  maple  expanded  four  times  as  much  as  did  the 
treated  solid  maple  in  our  testing. 

In  general,  resiilts  of  the  veneer  samples  were  disappointing; 
however,  we  are  not  pessimistic.  ¥e  recognize  that  this  is  the  first 
attempt,  at  least  the  first  attempt  in  which  we  have  been  involved. 

We  look  forward  with  considerable  interest  to  further  research 
in  veneers.  Also,  finish  techniques  need  further  development  to  meet 
the  requirements  of  the  furniture  industry, 

I  would  like  to  conclude  by  restating  that  the  cost  of  irradiated 
solid  woods  is  probably  prohibitive  for  furniture  manufacturing  except 
for  some  applications.  Certain  interior  frame  parts  in  upholstered 
furnittire  need  extreme  strength  not  obtainable  in  standard  wood.  Or,  for 
example,  door  frame  rails  in  china  cabinets  need  as  much  strength  and 
dimensional  stability  as  possible.  Posts  in  desk  kneehole  sections  re¬ 
quire  extreme  toughness. 

Success  with  WC  can,  of  coiirse,  create  extensive  new  ind\istries 
and  most  certainly  woTild  revolutionize  the  furniture  industry. 


POOWriAL  OF  WOOD -PLASTIC  COMBINATIONS 
IN  THE  SPORTING-GOODS  INDUSTRY 
Thomas  R.  Harris,  Jr.* 

ABSTRACT 

(jWood -plastic  combinations  (WPC)  have  heen  used  to  prepare 
test  samples  of  hoth  haseball  hats  and  golf-cluh  heads.  Improved 
impact  strength,  moistiare  resistance,  and  hardness  have  heen  ob¬ 
served  on  these  test  sanplesj  in  addition,  golf-cluh  heads  had 
good  gluing  properties  with  epoxy  adhesives.  The  increased  weight 
on  WPC  can  easily  he  compensated  for  in  golf-cluh  heads  by  using 
fewer  lead  weights;  however,  weight  addition  is  of  concern  in 
baseball  hats.  Durability  and  appearance  of  hats  are  good  be¬ 
cause  the  finish  literally  goes  all  the  way  through  the  wood. 

With  golf-cluh  heads,  the  use  of  dyed  monomers  to  eliminate  fin¬ 
ishing  materials  and  operations  would  he  desirable  .1 


I  shall  discuss  briefly  the  potential  commercial  uses  of  irradiated 
wood-plastic  combinations  (WPC)  in  the  sporting  goods  industry.  I  am 
associated  with  Hillerich  &  Bradsby,  the  major  producer  of  baseball  bats 
for  the  past  82  years .  I  am  sure  you  are  all  familiar  with  our  famous 
trademark,  the  "Louisville  Slugger."  We  have  also  manufactured  equally 
fine  golf  clubs  for  the  past  50  years,  sold  through  pro  shops  under  the 
trade  name  of  Power-Bilt  and  through  retail  stores  under  the  trade  names 
of  Louisville  Slugger,  Grand  Slam,  Bobby  Nichols  Louisville,  etc. 

As  you  are  aware,  sporting  goods  products  generally  are  subject 
to  rather  hazardous  service.  They  must  be  designed  primarily  to  withstand 
high  impacts  and  weather  conditions,  yet  maintain  beauty  or  eye  appeal. 
This  is  probably  best  exemplified  by  golf-club  woods  and  baseball  bats, 
but  it  is  also  true  of  other  sporting  goods  which  could  be  made  of  wood- 
plastic  materials,  such  as  tennis  rackets,  skis,  hockey  and  lacrosse 
sticks,  croquet  sets,  billiard  cues,  and  bowling  alleys. 


*Hillerich  &  Bradsby  Co.,  Louisville,  Kentucky. 
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Because  the  design  requirements  are  generally  the  same  for  all  of 
the  sporting-goods  products,  I  will  confine  my  remarks  only  to  golf  cluhs 
and  hats,  in  the  following  areas; 

(1)  design  requirements 

(2)  test  resxxlts  we  have  achieved 

(3)  increased  cost  as  related  to  value  added 

(4)  potential  commercialization  of  these  products 

BASEBALL  BATS 

The  design  requirements  for  hasehall  hats,  besides  styling,  in  order 
of  importance  are: 

(1)  weight 

(2)  impact  strength 

(3)  moisture  and  water  resistance 

(4)  hardness  or  con5)ressive  strength 

(5)  appearance  or  finish 

Weight  is  controlled  hy  design  or  dimension  of  the  hats,  as  well  as 
hy  selection  of  particular  timber.  For  example,  northern  white  ash  is 
used  in  hasehall  hats  and  some  select  hickory  or  pecan  is  used  in  softball 
hats . 

Major-League  hats  require  dimension  control  to  l/64  in.  and  weight 
control  to  less  than  an  ounce  of  a  ballplayer's  specifications.  Balance 
or  feel  is  of  prime  importance  with  hats,  golf  cluhs,  and  tennis  rackets. 
There  is  no  permissible  way  to  correct  weights  of  hats  hy  drilling  or 
leading  to  meet  specifications.  Wei^t  addition  is  of  concern  when  we 
consider  the  use  of  impregnants. 
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The  first  hats  made  of  Irradiated  wood-plastic  felt  as  if  they 
were  wei^ted  with  lead.  However,  the  initial  impregnation  technique 
was  a  conventional  60^  loading  of  plastic.  We  feel  this  loading  can  he 
reduced  and  hope  that  the  other  design  requirements  we  are  looking  for 
will  still  he  met. 

Impact  strength  is  also  important.  Ballplayers,  of  course,  are 
disappointed  when  a  hat  chips  or  separates  along  the  spring  wood-growth 
layer  in  the  barrel  section  of  the  hat.  Naturally,  the  professional 
ballplayer  who  plays  daily  becomes  attached  to  a  hat  which  has  given  him 
good  performance.  The  magnitude  of  impact  has  been  calculated,  from  the 
weight  of  the  hall,  the  speed  of  the  hall  (over  100  mph),  and  the  weight 
and  speed  of  the  hat  (also  approximately  100  mph),  to  he  a  force  of 
1000  to  2000  psi. 

The  spring  wood-gro-vrth  layer,  which  carries  sap  up  the  tree  during 
the  spring,  is  the  weakest  portion  of  the  ash  and  this  layer  is  where 
failure  occurs,  particularly  when  the  hall  is  caught  on  the  bottom  portion 
of  the  barrel  or  when  the  hall  is  topped. 

Handle  breakage  occ\irs  when  a  ball  is  hit  either  on  the  handle  or 
out  on  the  very  end  of  the  hat  and  is  due  to  the  bending  stresses  that 
are  set  up.  The  hat,  when  swung  by  the  stronger  players,  will  bend  up 
to  3  in.  when  the  hall  contacts  the  center  of  percussion.  Professional 
players  rarely  complain  about  handle  breakage  because  they  realize  that 
when  this  occurs  the  hall  has  not  been  contacted  close  to  the  "sweet  spot" 
or  center  of  percussion.  Breakage  is  also  caused  frequently  by  hitting 
against  the  grain.  Thus  treating  the  barrel  portion  of  the  bat  to  elimi¬ 
nate  chipping  takes  precedence  over  the  problem  of  handle  breakage.  In 


fact,  we  seriously  doubt  that  we  will  ever  try  to  impregnate  the  handle 
considering  the  inevitable  reduced  resiliency. 

Our  tests  so  far  show  a  great  improvement  in  impact  strength  of 
the  barrel  portion  of  the  bat  with  the  use  of  WPG.  We  also  found  extremely 
good  stabilization  or  moisture  resistance.  Hardness  of  the  wood  was  im¬ 
proved.  Of  covirse  the  dvirability  of  the  finish  and  appearance  are  good 
because  the  finish  literally  goes  all  the  way  through  the  bat. 

We  feel  encouraged  enough  from  Initial  work  to  continue  ovir  testing 
and  development  of  WPG.  The  main  problem  that  remains  is  to  determine 
if  reduced  plastic  loadings  which  are  within  our  weight  specification  will 
improve  impact  strengths  svifficiently. 

GOLF  GLUES 

Basically,  the  heads  of  wood  golf  clubs  must  meet  the  same  design 
requirements  as  the  bats,  but  with  the  addition  of  glxiability. 

The  wood  specie  universally  xxsed  for  solid  wood  heads  is  persimmon, 
which  is  botanically  a  white  ebony.  Persimmon  is  extremely  hard  and  resists 
impact  failvires  fairly  well,  with  the  possible  exception  of  the  neck  of  the 
head  where  the  wood  tapers  to  a  thin  feather  edge  stirrounding  the  shaft. 
However,  golf  heads  must  withstand  even  higher  iii5)acts  than  bats  —  in 
the  range  of  2000  to  3000  psi  when  contacting  a  golf  ball  —  and  are 
subjected  to  more  severe  moisture  conditions. 

The  wood  head  includes  a  plastic-  or  fiber  i-face  insert,  metal 
sole  plate,  lead  weight,  and  screws,  none  of  which  will  swell  with  moisture. 
The  moisture  problem  is  sometimes  further  confounded  by  the  placement  of 
wet  head  covers  on  the  woods  and  the  storing  of  the  clubs  in  hot  car  trunks 
where  summer  teiiferatvires  reach  as  high  as  150°  F.  This  causes  alternat¬ 
ing  wetting  and  drying  cycles. 
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One  of  the  first  golf  clubs  made  using  irradiated  wood-plastic 
was  left  mfinished  and  without  an  insert  to  see  how  well  it  would  perform. 
On  the  other  hand,  a  cluh  which  has  a  finish  applied  presents  a  much 
more  attractive  appearance.  As  you  realize,  appearance  of  golf  cluhs  is 
extremely  iii5>ortant . 

Some  of  the  next  test  work  we  would  like  to  see  will  involve  using 
colored  monomer  irapregnants  to  determine  if  we  can  achieve  an  attractive 
finish  to  eliminate  the  need  for  hoth  finishing  materials  and  finishing 
operations . 

Our  test  work  so  far  shows  extremely  good  stabilization,  improved 
impact  strength,  iinproved  hardness,  and  good  gluing  properties  with  the 
use  of  epoxy  adhesives  which  are  normally  used  to  secure  the  insert  and 
shaft  to  the  wood  head.  We  also  found  that  WPG  machine  and  sand  well  with 
conventional  woodworking  tools. 

Weight  control  of  golf  clubs  requires  exact  weighting  to  within 
l/l6  of  an  ounce,  which  is  equal  to  1  point  on  a  swing-weight  scale,  or 
the  difference  between  a  D-1  and  D-2  swing  weight.  This  is  equal  to 
the  weight  of  only  one  paper  dollar.  Because  lead  weights  are  added  to 
achieve  a  precise  weight,  the  irradiated  wood -plastic  is  satisfactory, 
even  though  it  is  heavier  since  it  merely  requires  less  lead  to  meet  nor¬ 
mal  weight. 

SUMMARf 

The  design  requirements  for  products  in  the  sporting-goods  industry 
certainly  vary  from  those  required  in  the  ftirniture  or  hardwood -plywood 
industry.  However,  if  WPG  prove  useful  in  sporting  goods,  which  in  many 
ways  are  subject  to  more  abuse  than  household  items,  they  should  perform 
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well  for  most  wood  or  veneered  products.  Each  product  will  have  different 
design  requirements.  The  additional  cost  of  WC  must  he  con5)arahle  to 
the  value  added  and  may  possibly  increase  the  selling  prices.  Immediate 
use  will  be  seen  in  products  where  increased  production  costs  can  be  amply 
recovered  by  an  even  greater  value  added  to  the  product,  provided,  of 
course,  the  consmer  is  willing  to  pay  for  the  improved  product.  Certainly 
a  customer  should  be  willing  to  pay  more,  say  10^,  for  a  product  that  will 
last  50  or  100^  longer. 

The  potential  commercialization  of  WC  in  the  sporting-goods  indus¬ 
try  looks  extremely  good  at  this  time. 


POTEHTIAL  CCMMERCIAL  MANUFACTURE  AND  USE 


OF  HARDWOOD  PLYWOOD  PLASTIC  COMBINATIONS 
Clark  E.  McDonald* 

ABSTRACT 

(^e  market  for  U.  S.  hardwood  plwood  for  1964,  exclusive 
of  captive  production,  was  3*667  x  109  sq  ft  and  was  valued  at 
$44l  X  10°.  The  largest  portion  of  this  market  was  for  wall 
paneling,  "both  prefinished  and  tanfinished,  followed  by  furni¬ 
ture,  flush  doors,  mobile  homes,  and  flooring.  For  these  appli¬ 
cations,  wood -plastic  combinations  (WPC)  of  hardwood  plywood  would 
have  many  advantages  —  ease  of  cleaning,  ease  of  repair,  better 
appearance,  resistance  to  staining  and  marring,  etc.  Probably 
the  greatest  potential  for  WPC  would  be  for  external  applica¬ 
tions  —  siding,  doors,  park  benches,  etc.  — >  where  conventionally 
treated  woods  cannot  resist  weather  damage  .'I 


It  is  my  imderstanding  that  participants  here  today  are  more  inter¬ 
ested  in  the  commercial  opportunities  associated  with  wood-plastic  combine 
tions  (WPC)  than  in  the  technical  details  of  their  development.  Therefore 
the  scope  and  emphasis  of  my  remarks  will  cover  the  applications  where  I 
believe  WPC  may  find  utility  in  the  manufacture  of  hardwood  plywood  and 
the  end  uses  I  foresee. 

IKE  OF  DCMEBTIC  HARDWOOD  PLWOOD  IN  1964 
Table  I  shows  a  breakdown  of  the  hardwood-plywood  market  for  the 
United  States  in  1964.  Captive  production,  i.e.  plywood  produced  by  fumi 
ture  manufacturers  for  use  in  their  own  production,  is  not  included  in 
the  table. 


*Managing  Director,  Hardwood  Plywood  Manufacturers  Association, 
Arlington,  Virginia. 
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Table  I  U.  S.  Hardwood  Plyt'rood  Market  —  1964 


Material 

*Shipments, 
sq  ft 

*Value, 

dollars 

veneer  core  —  domestic 

1,575  X  10^ 

270  X  10^ 

Other  core  —  domestic 

(Lbrcore,  particle  board  core,  etc.) 

73 

^3 

Container  and  packaging  —  domestic 

73 

5 

Imports  from  38  countries 

1,946 

123 

Total 

3,667  X  10^ 

44l  X  106 

*Does  not  include  captive  production. 


The  principal  uses  for  hardwood  plywood  are  for  wall  paneling,  doors, 
mobile  homes,  furnitiire,  and  block  flooring. 
vrall  Paneling 

The  market  for  prefinished  hardwood  plywood  has  developed  from  essen¬ 
tially  nothing  15  years  ago  to  over  l-g-  billion  sqmre  feet  in  1964,  including 
both  domestic  and  imported  materieils.  Wall  paneling  constitutes  52^  of  the 
total  market  with  4l^  prefinished  and  11^  unfinished.  Fifteen  years  ago 
only  corporations  and  the  wealthy  could  afford  solid  lumber  paneling  that 
was  finished  on  the  job.  Today,  practically  anyone  can  afford  some  kind 
of  hardwood -plywood  paneling.  Prices  at  the  retail  lumber  dealer  range 
from  $4  for  a  4  ft  x  8  ft  pre finished  lauan  panel  to  ~$40  for  walnut  or 
teak. 

Customer  Preferences.  The  housewife  wants  a  prefinished  wall  that 
is  "carefree."  If  a  child  smears  lipstick,  Vicks,  or  butter  on  the  walls. 


the  mother  wants  to  be  able  to  wipe  it  off  without  damage  to  the  finish  or 
the  wood.  If  a  panel  becomes  scratched  or  nicked,  repairs  are  difficult 
with  some  presently  used  finishes ^  but  with  TOC  the  scratch  or  dent  can 
be  smoothed  with  steel  wool  or  sandpaper  and  the  original  color  and  sheen 
restored . 

Some  customers  like  the  wood  grain  but  also  like  pastel  colors  (not 
necessarily  wood  colors).  One  of  our  members  who  manufactures  50,000  -^-in. 

X  4-ft  X  8-ft  panels  per  day  (principally  lauan)  finishes  the  wood  in  ten 
different  pastel  shades  —  pink,  lime,  blue,  etc.  By  means  of  dye  incor¬ 
porated  with  the  monomer,  these  pastel  colors  can  be  imparted  to  the  panel¬ 
ing  which  will  still  retain  the  natural  wood  grain  and  a  satiny  sheen. 

Application.  One  of  the  reasons  for  the  growth  of  the  use  of  ply¬ 
wood  paneling  over  lumber  paneling  has  been  the  ease  of  installation.  A 
much  larger  wall  space  can  be  covered  in  a  shorter  time  with  a  4-ft  x  8-ft 
panel  than  with  8 -in.  pieces  of  lumber.  However,  the  plywood  must  be  nailed 
or  stuck  with  mastic  to  the  studs  or  furring  strips.  Many  homeowners  are 
"do-it-yourself"  remodelers  and  they  do  not  have  carbide-tip  tools.  The 
hardwood -plywood  manufacturer  woixLd  have  to  predrill  nail  holes  in  the  WPG 
panels  to  prevent  splintering  or  shattering  the  panel  while  nailing.  Even 
panels  installed  with  mastic  are  nailed  at  the  top  and  bottom  of  the  panel. 
The  WPG  panels  can  be  bonded  with  epoxy  glue  but  this  is  hard  for  the  home- 
owner  to  handle.  The  retail  lumber  dealer  must  have  saws  to  cut  the  WPG 
panels  for  fitting  around  windows  and  doors. 

Doors 

A  flush  door  is  usually  made  of  two  pieces  of  l/8-in.  hardwood  ply¬ 
wood  separated  by  stiles,  rails,  and  a  core  material.  There  were  over  15 
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million  of  these  flush  doors  maniifactured  in  the  United  States  last  year, 
and  their  one-half  hillion  square  feet  of  plywood  accounts  for  ik^o  of  the 
total  market.  A  WPG  door  vould  almost  certainly  have  to  he  machined  in 
a  factory  that  would  have  the  tools  to  handle  this  material. 

Unions  do  not  like  factory  prefinished,  precut,  predrilled  building 
materials.  This  is  already  posing  a  problem  in  some  areas  for  the  home¬ 
builder  who  is  buying,  for  example,  "ready-himg  doors."  The  unions  want 
to  machine  the  doors  for  hinges  and  locks  on  the  job  site  rather  than  having 
it  done  at  a  factory  500  miles  away. 

Mobile  Homes 

There  is  a  growing  demand  for  -^-in.  and  3/l6-in.  wall  paneling  for 
mobile  homes,  and  this  use  is  about  5^  of  the  total  market.  Much  of  this 
paneling  is  printed  rather  than  prefinished.  The  printer  takes  an  inexpen¬ 
sive  specie,  e.g.  lauan,  gum,  cativo,  and  actually  prints  a  grain  on  the 
face  veneer  to  simulate  walnut,  teak,  or  some  other  expensive  specie.  The 
same  large  prefinisher  mentioned  earlier  prints  lauan  in  15  different  pat¬ 
terns  and  colors.  If  WPG  plywood's  cost  can  be  kept  low  enough  it  could 
enjoy  some  of  this  market. 

Furnitxire 

Gut-to-size  plywood  for  furniture,  television,  radio,  and  curved 
pieces  makes  up  235^0  of  the  total  market.  Earlier  today  Mr.  Paul  E.  Rvtmbaugh 
of  the  Kroehler  Manufacturing  Gompany  discussed  potential  commercial  uses 
of  V?PG  in  the  manufacture  of  furniture.  You  may  have  seen  end  tables  and 
occasional  tables  made  of  v/PG  material  by  Kroehler  and  Stanley  Furnitvire 
Gompanies . 


One  of  the  furniture  markets  that  hardwood  plywood  has  been  losing 
to  plastic  laminates,  marble,  and  glass  is  that  of  tops  for  motel  and  hotel 
furnitxare.  Unfortunately,  hardwood  plywood  will  char  if  a  burning  cigarette 
is  left  on  it  and  it  will  spot  and  ring  where  a  glass  of  bourbon  and  water 
has  been  sitting.  Motel  and  hotel  owners  have  tried  to  eliminate  the  damage 
from  carelessness  of  the  traveling  public  by  buying  furnitxu'e  with  tops 
that  will  withstand  these  hazards. 

We  have  tried  to  meet  the  competition  of  plastic  laminates  with 
"Finishield."  This  is  a  product  developed  by  the  Fine  Hardwoods  Association 
combining  aluminum  foil  under  the  face  veneer  and  a  very  excellent  finish. 
"Finishield"  will  withstand  the  cigarette,  alcohol,  and  water  hazards,  and 
we  hope  to  recaptiire  some  of  o\ar  markets  with  this  product. 

WPG  plywood  is  resistant  to  staining  and  ■^ra.ter  absorption  and  ciga¬ 
rette  bvtrns  can  be  sanded  out.  A  scratch  on  a  plastic  laminate  cannot  be 
repaired . 

Unfortunately,  once  plastic  laminates  were  used  on  the  top  of  a 
piece  of  furniture,  the  laminate  manufacturer  began  pushing  his  product 
for  the  sides  and  fronts  of  cabinets,  for  kitchen  cabinets,  and  for  wall 
paneling.  They  have  simulated  the  wood  grains,  similLated  the  wood  feel, 
and  even  have  oil  finishes  so  that  it  now  takes  an  expert  to  tell  a  simula¬ 
tion  from  the  real  wood. 

According  to  the  Arthur  D.  Little  study,  WPG  could  be  competitive 
in  price  with  Formica. 

Laminated -Block  Flooring 

Prefinished  ^-±n.  x  9-in.  x  9-in.  three-ply  oak  laminated -block 
flooring,  which  accounts  for  about  Jp  of  the  hardwood -plywood  market,  is 
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popular  in  raultistoried  apartment  houses,  garden  apartments,  and  homes 
hullt  on  concrete  slabs.  One  of  the  problems  of  all  flooring,  including 
solid  lumber  and  resilient  tile,  is  denting  of  the  surface  by  ladies' 
spike-heel  shoes.  Perhaps  WPG  flooring  could  solve  this  problem. 

I  understand  that  parquet  floor  tiles  cost  124  each  to  treat.  Our 
product  costs  approximately  50^  per  square  foot  installed. 

Miscellaneous  Uses 

Bowling  Alleys.  Bowling  alley  gutters  made  of  curved  plywood  could 
use  the  abrasion  resistance  of  WPG.  The  end  of  a  bowling  alley  where  the 
automatic  pin  spotter  puts  the  pins  gets  severe  use.  Lam-N-Hard  Division 
of  Hoover  Ball  &  Bearing  Gon^iany  has  a  continuous  press  that  applies  heat 
and  pressvire  for  manufacturing  hardwood  pljn^ood  that  can  stand  up  to  this 
use. 

Fire  Retardant  Panels.  If  a  monomer  could  impart  fire-resistant 
qmlities  to  plywood  panels  a  great  market  for  WPG  would  be  opened.  The 
Federal  Housing  Administration  and  Building  Gode  officials  are  most  inter¬ 
ested  in  such  a  plyi^ood  panel.  However,  the  WPG  panel  would  still  have  to 
compete  in  price  with  other  wall-covering  materials. 

POTEIfflAL  OF  WPG  HAEWraOD  PLYWOOD 

The  new  WPG  must  compete  with  other  conventional  wood  treatments, 
for  example,  (a)  Gorapreg,  wood  in^regnated  with  a  phenolic  resin  and  com¬ 
pressed;  (b)  Irapreg,  wood  impregnated  with  a  phenolic  resin  but  not  com¬ 
pressed;  and  (c)  Stapac,  wood  heated  \mder  controlled  moisture  conditions 
and  con^ressed.  Goirpreg,  Impreg,  and  Stapac  could  possibly  be  replaced 
with  WPG  plywood  as  dimensionally  stable  carving  wood  for  die  models  and 
pattern  making.  Other  potential  uses  include  ladies'  shoe  heels,  golf-club 


heads,  gunstocks,  bowling  pins,  tool  and  cutlery  handles,  salad  bowls, 
toys,  brush  blocks,  ash  trays,  arms  of  school  chairs,  and  desk  tops  for 
school  furniture. 

The  greatest  future  application  of  WPG  hardwood  plywood  would  be  for 
exterior  uses  where  present-day  finishes  cannot  resist  weather  damage.  These 
uses  would  include  exterior  siding,  exterior  doors,  garage  doors,  park 
benches,  stadim  seating,  boat  panels,  and  decks. 


